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Author^s  Preface 

WHEN  T/ie  Life  Story  of  the  Fish  was  written  some  ten 
years  ago,  it  endeavored  to  set  forth  all  that  was  then  known 
about  fish  which  might  be  of  interest  to  the  angler,  to  the 
aquarist,  and  to  the  normal  human  being  of  inquiring  mind. 
Since  then,  in  spite  of  wars  and  world  upheavals,  piscatorial 
knowledge  has  continued  to  advance.  New  facts  have  come 
to  light  about  the  homing  of  salmon,  about  the  spawning  of 
tarpon,  about  the  dynamics  of  fish  populations,  about  the 
many  ways  in  which  man  and  fish  affect  each  other.  An  event 
of  great  scientific  importance  has  occurred  in  the  discovery 
of  a  "living  fossil":  a  huge  fish,  captured  off  the  coast  of 
South  Africa,  of  a  family  which  palaeontologists  thought  had 
become  extinct  a  million  centuries  ago. 

All  of  which  made  it  evident,  when  the  question  of  re- 
publication arose,  that  the  book  no  longer  fulfilled  its 
original  intent.  It  has  therefore  been  re-written,  with  ex- 
tensive revisions  and  additions,  reference  reading  lists  for 
those  who  wish  to  consult  source  material,  and  one  entirely 
new  chapter.  The  present  volume  is  the  result. 

It  is  a  great  pleasure  to  set  forth  here  again  my  gratitude 
to  Dr.  WiUis  H.  Rich,  Dr.  Frank  Weymouth,  and  Dr. 
George  S.  Myers,  all  of  Stanford  University,  for  their  gen- 
erous advice  during  the  preparation  of  the  earlier  edition  of 
this  book.  I  am  also  indebted  to  Dr.  W.  K.  Gregory,  Dr. 
Charles  M.  Breder,  Jr.,  Dr.  Rolf  Bolin,  Mr.  J.  T.  Nichols, 
and  Mr.  Leo  Shapovalov,  and  to  the  late  Dr.  F.  B.  Sumner 
and  Dr.  G.  K.  Noble,  for  illuminating  various  dark  places 
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with  the  light  of  their  special  knowledge.  Such  freedom  from 
error  as  this  volume  may  enjoy  is  due  in  large  measure  to  the 
wisdom  and  the  friendly  counsel  of  all  these  gentlemen. 
The  drawings  were  prepared  by  Jeanne  Russell  Janish. 

BRIAN  CURTIS 

St.  Helena,  California 
November,  1948 
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CHAPTER    I 

Men  and  Fish 

DO  fish  sleep?  Can  they  distinguish  color?  Can  they  hear? 
Do  they  suffer  pain? 

These  are  questions  which  fishermen  have  been  discussing 
since  the  days  of  Isaak  Walton.  They  have  sat  under  bridges 
on  the  Test  while  waiting  for  the  rain  to  stop,  and  thought 
about  them.  They  have  lain  beside  camp-fires  in  the  Maine 
woods  and  in  the  High  Sierra,  and  argued  them.  They  have 
dozed  under  the  hot  sun  in  small  boats,  trailing  their  lines 
in  the  Gulf  Stream  or  across  the  waters  of  Catalina,  and 
dreamed  about  them.  Why  is  it  that  after  all  this  time  they 
are  still  uncertain  about  the  answers?  It  is  because  they  have 
had  to  learn  by  observation,  helped  only  by  trial-and-error 
experiments. 

They  have  by  these  methods  discovered  a  great  many 
interesting  and  important  things.  They  have  discovered  what 
waters  different  kinds  of  fish  inhabit,  what  lure  to  use  for 
each  kind,  and  at  what  season  or  what  state  of  the  tide  to 
fish  for  them.  They  have  learned  how  to  catch  fish,  and 
that  is  a  prime  requisite  to  knowing  anything  else  about 
them. 

Another  group  of  people  who  ask  questions  are  the 
aquarists.  They  keep  brightly  colored  little  fish  from  all 
parts  of  the  world  in  glass  tanks,  and  feed  them  and  care 
for  them  and  watch  them  fight  and  make  love  and  have 
homes  and  wives  and  children.  They  lack  the  anglers'  op- 
portunities to  see  the  animals  in  their  native  waters,  but 
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they  have  the  advantage  of  being  able  to  watch  them  swim 
and  eat  and  go  about  their  affairs,  whereas  the  angler  rarely 
sees  them  except  on  the  end  of  a  line.  They,  too,  have  added 
to  the  general  store  of  knowledge.  They,  too,  have  learned 
by  observation. 

But,  after  all,  there  are  limits  to  what  can  be  learned  by 
observation  and  by  trial-and-error  experiment.  Here  is  where 
science  comes  in.  For  centuries  scientists  have  been  studying 
fish.  With  their  training  and  their  facilities,  they  have  been 
able  to  analyze  the  construction  and  the  workings  of  their 
bodies,  to  carry  out  controlled  experiments  on  their  actions, 
to  make  systematic  observations  on  their  habits.  They  have 
not  found  out  all  there  is  to  know.  Some  problems,  such  as 
where  baby  tarpon  live,  they  are  on  the  brink  of  solving  5 
others  they  may  never  master.  But  to  a  great  many  questions 
they  have,  through  years  of  painstaking  and  ingenious  labor, 
of  drudgery  and  endeavor  and  imaginative  searching,  found 
the  answers.  And  these  answers  they  have,  after  the  incurable 
habit  of  scientists,  scattered  piecemeal  through  technical  jour- 
nals of  different  dates,  or  have  entombed  in  large  volumes 
with  long  titles.  It  is  for  this  reason  that,  while  the  field 
naturalist  who  goes  out  and  observes  the  habits  of  animals 
and  writes  about  them  from  the  popular  point  of  view  has 
added  greatly  to  the  knowledge  and  pleasure  of  sportsmen 
and  others,  the  more  orthodox  biologist — the  man  who  per- 
mits himself  to  be  called  a  zoologist  or,  even  worse,  an  ich- 
thyologist— has  been  looked  upon  as  a  dull  fellow,  and  his 
contributions  often  have  remained  unknown  to  the  very 
people  to  whom  they  ought  to  be  of  the  most  interest  and 
value. 

On  the  one  hand,  then,  we  have  the  aquarists  and  anglers 
seeking  for  knowledge  of  fishj  on  the  other  hand,  we  have 
a  great  fund  of  knowledge  about  fish  stored  away  in  labora- 
tories and  scientific  libraries.  In  one  room,  shelves  full  of 
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excellent  wine  in  tightly  sealed  bottles  j  in  the  next,  a  lot  of 
thirsty  people  with  no  bottle-openers.  To  furnish  the  bottle- 
opener  is  the  object  of  this  book:  to  bring  all  that  knowledge 
out  of  the  musty  atmosphere  of  the  laboratory,  where  it  now 
lies  in  a  state  of  perfect  but  useless  preservation,  and  to  turn 
it  over,  in  suitable  form,  to  the  seekers  to  consume  j  in  short, 
to  tell  the  anglers  and  aquarists  what  the  scientists  know 
about  the  things  that  they  want  to  know. 

If  fish  were  all  just  alike,  writing  about  them  would  be  a 
great  deal  easier  than  it  is.  They  differ,  sometimes  radically. 
It  is  impossible  to  make  universal  statements  about  fish  5  it 
is  impossible  to  use  the  words  "always,"  "all,"  "never," 
"none,"  when  talking  about  them.  Some  of  the  differences 
are  important,  and  will  be  discussed,  but  many  are  unimpor- 
tant, at  least  to  the  reader.  If  we  tried  to  treat  them  all,  we 
should  never  end.  Failure  to  point  out  exceptions  to  any 
rule  does  not  mean  that  there  are  none.  Let  it  be  accepted 
therefore  as  our  only  rule  that  there  is  no  statement  in  this 
book  to  which  there  are  not  some  exceptions. 


CHAPTER    II 

What  Is  a  Fish? 

THE  fish  is  a  vertebrate.  This  means  that  he  belongs  to  that 
great  group  of  creatures  which  have  backbones.  An  animal 
with  a  backbone  does  not  seem  strange  to  us  today.  But  at 
the  time  that  the  first  fish  appeared  upon  earth,  which  we 
know  from  geologic  records  to  have  been  roughly  five  hun- 
dred million  years  ago,  he  must  have  seemed  a  miraculous 
thing.  He  was  the  very  latest  model  in  animal  design,  a 
radical,  one  might  almost  say  a  reckless,  experiment  of  that 
force  which  we  find  it  convenient  to  personify  as  Mother 
Nature. 

For  up  to  that  time  no  creature  had  ever  been  made  with 
the  hard  parts  inside  instead  of  outside.  There  had  been 
animals  with  little  or  no  hard  parts  at  all,  like  the  amoeba, 
the  sea-anemone,  and  the  jellyfish.  And  there  had  been 
animals  with  the  hard  parts  outside,  where  they  served 
as  defensive  armor  and  as  framework  for  the  muscles,  like 
the  starfish  and  the  clam  and  the  crab.  We  can  trace  the 
development  of  these  lower  forms,  called  invertebrates, 
and  we  can  trace  the  development  of  the  vertebrates  from 
fish  through  amphibian  through  reptile  to  bird  and  mam- 
mal. But  between  invertebrate  and  vertebrate  there  is  no 
connecting  link.  Nature  might  be  said  to  have  had  a  brain- 
storm, abandoned  all  the  earlier  methods,  and  turned  out 
overnight  something  absolutely  new  and  unheard  of.  Only 
one  feature  did  she  carry  over  from  the  old  models.  She 
didn't  yet  trust  this  new  experiment  of  hers  among  her 
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hard-shelled  veterans,  and  so  she  gave  it  a  certain  amount 
of  external  armor,  as  well  as  the  new  inner  hard  parts,  to 
protect  it  from  the  old-timers. 

It  will  be  argued  by  serious  scientists  that  this  is  a  very 
improper  presentation  of  evolution.  As  a  matter  of  fact,  I 
much  prefer  not  to  present  it  at  all,  but  since  it  has  reared 
its  head,  it  had  better  be  dealt  with  at  once.  For  whether  you 
believe  in  evolution  or  not,  it  is  impossible  to  talk  about 
animals  without  using  its  terminology. 


Figure  2.  PTERICHTHYS 

A  fish  of  350,000,000  years  ago,  with  armor  plates  protecting"  his  front 
end,  (Appendages  omitted.) 

Scientists  used  to  think  that  all  the  multifarious  forms  of 
animal  life  appeared  full-blown  upon  the  earth,  each  perfect 
in  its  present  form,  like  Pallas  emerging  fully  armed  from 
the  head  of  Zeus.  They  now  reject  this  idea,  and  believe  that 
all  living  animals  developed  from  somewhat  different  ani- 
mals which  preceded  them  and  which,  in  turn,  developed 
from  earlier  and  still  different  forms.  This  is  the  essence  of 
the  theory  of  evolution,  the  starting  point,  the  foundation 
on  which  all  evolutionists  agree.  It  is  practically  the  only 
point  on  which  they  all  agree,  for  as  soon  as  they  begin  to 
inquire  into  the  ways  in  which  one  animal  changed  into 
another  they  divide  into  two  schools  of  thought. 

The  first  is  the  teleological.  I  would  like  to  avoid  this 
word,  but  there  is  no  way  around  it,  for  zoologists  have 
made  it  legal  tender  in  their  world.  However,  they  should 
not  be  too  severely  blamed  for  using  long  words.  In  the 
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first  place,  they  lead  a  dull  life,  stuck  away  in  their  stuffy 
laboratories  surrounded  by  dead  animals,  and  the  only  way 
they  can  get  any  fun,  or  give  their  egos  the  occasional  boost 
which  all  egos  need,  is  to  use  a  word  which  no  one  else 
understands.  In  the  second  place,  some  long  words  save  a 
great  deal  of  time  and  explanation.  If  they  deal  with  things 
which  we  are  never  to  meet  again,  we  can  pass  them  by,  but 
if  we  are  going  to  have  to  recur  to  their  subject  with  some 
frequency,  they  are  worth  learning  in  order  that  we  may 
say  in  one  word  what  would  otherwise  take  many.  "Auto- 
mobile," for  instance,  was  once  a  long  and  unfamiliar  word, 
but  if  we  had  to  keep  saying  "a  vehicle  which  is  provided 
with  machinery  for  propelling  itself"  each  time  we  wanted 
to  talk  about  an  automobile,  we  should  find  it  very  awk- 
ward. 

Teleology,  then,  means  the  assumption  that  there  is  a 
definite  purpose,  a  definite  goal,  in  the  processes  of  cosmic 
evolution.  The  teleologist  places  the  emphasis  on  adapta- 
tion to  this  purpose.  He  believes  that  animals  develop  new 
characteristics  in  response  to  the  pressure  of  their  environ- 
ment, and  that  the  characteristics  so  acquired  can  be  inherited 
by  succeeding  generations.  He  believes  that  the  primordial 
giraffe  reached  up  into  the  trees,  when  grass  became  scarce, 
for  leaves  to  eat,  and  thus  elongated  his  neck,  and  that  this 
long  neck  was  inherited  by  his  children. 

On  the  opposing  side  is  the  "mutationist."  He  does  not 
believe  in  the  inheritance  of  such  acquired  characteristics. 
He  holds  that  all  the  variations  which  brought  about  the 
differences  in  species  were  due  to  what  he  calls  mutations — 
chance  recombinations  of  the  germ-cell  material  into  what 
we  would  call  lucky  freaks.  He  believes  that  some  of  the 
primordial  giraffes  happened  to  have  longer  necks  than 
others,  and  that  when  a  grassless  era  came  upon  them  the 
short-necked  ones  died,  but  the  long-necked  ones  took  to 
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eating  leaves  and  survived.  The  long  neck  being  a  constitu- 
tional, genetic  characteristic,  and  not  an  acquired  one,  it 
passed  on  by  inheritance  to  the  next  generation.  And  once 
the  giraffe  had  become  a  tree-grazer  the  neck  tended  to 
become  longer  through  selection.  For  the  individual  who 
happened  to  have  a  longer  neck  than  the  average  obtained 
more  food,  grew  stronger,  had  a  better  chance  of  securing 
mates,  and  produced  more  offspring  than  the  others,  and 
those  of  the  offspring  which  inherited  the  parental  neck 
flourished  and  produced  in  turn  a  disproportionate  number 
of  offspring,  who  inherited  and  passed  on  that  neck.  The 
shorter-necked  individuals,  being  unable  to  compete  for 
food,  were  weak,  and  died  early  and  childless,  and  so  the 
species  continued  to  lengthen  its  neck  until  the  point  was 
reached  where  the  feeding  advantage  of  additional  length 
was  overbalanced  by  unwieldiness  and  weight,  and  there  the 
process  stopped.  And  the  result  is  the  present-day  giraffe. 

Or,  to  come  back  to  our  subject,  the  mutationist  does  not 
believe  that  the  pickerel  acquired  his  mottled  coloration  by 
hiding  in  the  weeds  until  he  came  to  resemble  them.  He 
believes  that  certain  primordial  pickerel  chanced  to  have 
that  mottling,  and  were  therefore  able  to  hide  more  success- 
fully in  the  weeds  than  their  fellows,  and  to  snap  up  more 
primordial  bass  and  trout  fingerlings.  These  individuals 
grew  larger  and  stronger  than  the  rest,  and  were  thus  en- 
abled to  monopolize  the  food  and  the  mates,  and  to  have 
more  children.  And  while  not  all  of  their  children  inherited 
this  peculiarly  successful  coloration,  those  which  did  not 
failed  to  prosper,  and  from  generation  to  generation  grew 
fewer  until  eventually  only  the  present-day  pickerel  survived. 

While  at  first  sight  this  theory  of  the  mutationists  seems 
far-fetched  and  the  importance  it  places  on  the  part  played 
by  chance  distasteful,  it  has  one  great  advantage:  it  does 
provide  a  mechanism  which  is  capable  of  accounting  for  the 
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whole  history  of  organic  evolution.  And  while  the  teleologi- 
cal  point  of  view  at  first  seems  logical  and  pleasing,  it  has 
one  great  weakness:  the  inheritance  of  acquired  characters, 
the  corner-stone  on  which  it  rests,  has  never  yet  been  proved 
possible.  From  time  to  time  one  scientist  or  another  will 
almost  persuade  himself  that  he  has  found  a  clue  which 
leads  in  that  direction;  but  in  spite  of  much  research,  not 
one  undebatable  case  of  such  inheritance,  either  in  the  past 
or  the  present,  has  been  brought  to  light.  Human  beings 
are  occasionally  born  with  extra  vertebrae  in  their  necks.  If 
conditions  of  life  were  to  become  such  that  long  necks  were 
a  distinct  advantage  to  humans,  those  individuals  would 
have  a  chance  to  dominate  the  scene,  and  might  eventually 
produce  a  race  of  human  giraffes;  but  no  amount  of  effort 
in  the  line  of  mechanically  stretching  mothers'  necks  could 
add  even  one  vertebral  section  to  a  baby's  neck. 

And  yet  in  spite  of  all  the  evidence  on  their  side — the  fossil 
records,  the  experiments,  the  observation  of  natural  processes 
— the  mutationists  themselves  seem  to  have  difficulty  in  be- 
lieving that  they  are  entirely  right,  for  they  frequently  slip 
into  a  teleological  way  of  speaking.  The  temptation  to  see 
a  purpose  in  evolution  is  almost  irresistible. 

From  the  very  first,  anti-evolutionists  have  revolted  at  the 
suggestion  that  men  were  the  descendants  of  monkeys.  To 
a  much  more  important  aspect  of  the  theory,  that  men  are 
descended  from  fish,  they  have  never  objected.  Perhaps  to 
be  called  the  great-great-great-etcetera-grandson  of  a  stur- 
geon is  so  grotesque  as  to  be  beneath  notice,  whereas  to  be 
called  the  grandson  of  a  gorilla  is  too  close  for  comfort.  The 
fact  of  the  matter  is  that  many  experts  believe,  not  that 
man  descends  from  monkeys,  but  that  both  man  and  monkey 
descend  from  a  remote,  now  extinct,  common  ancestor. 

To  emphasize  this  point  for  the  benefit  of  the  anti- 
simians,  evolutionists  have  sometimes  stated  that  no  living 
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animal  descends  from  any  other  living  animal  j  that,  for 
instance,  the  fish  from  which  the  amphibians  descend  is 
extinct.  The  exponents  of  this  theory  received  a  shock  when, 
in  1938,  fishermen  dredged  up  from  the  ocean  off  the  South 
African  coast  a  huge  creature  which  was  apparently  a  living 
fossil — a  fish  which  should  have  been  extinct  geologic  ages 
ago.  For  days  after  the  news  of  this  discovery  ichthyologists 
went  around  with  expressions  of  astonishment  and  doubt  on 
their  faces,  asking  each  other  if  it  were  all  a  hoax.  But  when 
this  specimen  at  last  reached  the  hands  of  a  qualified  palaeon- 
tologist, he  declared  that  not  only  was  it  undoubtedly  a 
species  of  living  fossil,  but  that  it  was  so  close  to  fossil  re- 
mains and  to  the  types  which  had  been  reconstructed  there- 
from that  it  could  be  positively  identified  as  a  member  of 
the  coelacanths.  Now,  the  coeJacanths  are  a  group  of  fishes 
which  had  branched  off  from  the  main  evolutionary  stem 
before  the  amphibians  appeared.  Latimeriay  as  the  new 
discovery  was  named,  is  therefore  not  a  living  ancestor  of 
the  amphibians,  but  a  cousin  of  their  ancestor's. 

And  so  it  can  still  be  truthfully  said  that  no  living  form 
descends  from  any  other  living  form,  at  least  insofar  as 
the  major  groups  are  concerned.  But  within  the  groups,  and 
above  all  within  their  narrower  divisions,  this  is  not  true. 
The  world  is  not  a  finished  job.  The  processes  of  evolution 
are  still  going  on,  and  nowhere  is  this  more  evident  than 
in  some  of  the  families  of  fishes.  The  trouts  and  salmons  ^ 
are  an  outstanding  example:  the  great  number  of  their  spe- 
cies and  subspecies  which  scientists  are  still  struggling  to 
sort  out  are  the  best  possible  indication  that  a  single,  for- 
merly widespread  animal  is,  under  the  influence  of  climatic 
changes   and   geographical   differences,   in   the  very  act   of 

^  The  plural  form  of  these  words  is  used  to  denote  several  species.  We 
say,  "I  caught  four  trout,"  but,  "Among  the  trouts  that  spawn  in  the  fall 
are  the  brook  and  the  brown." 
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dividing  itself  up  into  separate  forms.  The  rainbow  trout 
has  become  the  golden  trout  in  the  isolation  of  the  high 
mountains.  The  salmon  of  the  Atlantic  has  become  the  steel- 
head  trout  of  the  Pacific  or  vice  versa,  and  if,  as  one  au- 
thority states,  there  is  no  single  external  feature  by  which 
all  members  of  these  two  species  can  at  all  times  be  told 
apart,  then  it  is  clear  that  the  number  of  dead  forms  inter- 
vening between  the  two  is  just  about  zero. 

Finally,  it  must  be  pointed  out  that,  in  spite  of  all  that 
has  been  said,  it  is  not  compulsory  to  believe  in  evolution. 
Up  to  eighty  years  ago,  most  people  had  never  heard  of  it, 
and  they  were  just  as  happy  as  they  are  now.  To  be  sure, 
three  or  four  men,  including  the  old  Swedish  naturalist 
Linnaeus  back  in  the  eighteenth  century,  had  gone  sniffing 
around  the  theory,  picking  at  the  wrappings  that  hid  it,  get- 
ting an  intriguing  but  unrevealing  glimpse  of  one  part  or 
another  of  it,  but  quite  unable  to  understand  what  it  was  all 
about,  to  see  it  as  a  whole.  That  has  often  been  the  way  when 
some  new  and  universal  principle  was  about  to  be  revealed  to 
the  world.  Then  suddenly  two  Englishmen,  one  in  Kent  and 
one  in  Malaya,  lifted  the  veil  at  the  same  time,  one  as  a 
result  of  long  and  painstaking  piecing  together  of  fact  and 
theory,  the  other  as  a  result  of  a  sudden  brilliant  inspiration  j 
and  it  is  because  the  younger  man,  with  a  generosity  for- 
tunately sometimes  found  among  scientists,  recognized  that 
his  lucky  guess  could  not  justifiably  be  placed  on  a  par  with 
the  other  man's  far-reaching  labor  of  synthesis,  that  the 
name  of  Charles  Darwin,  and  not  that  of  Alfred  Russell 
Wallace,  is  taught  to  school  children  today  as  the  founder 
of  the  theory  of  evolution. 

Fish,  then,  are  backboned  animals  which  live  In  the  water, 
breathe  through  gills,  and  have  fins.  As  usual,  there  are  ex- 
ceptions. Some  breathe  with  lungs,  and  some  have  no  recog- 
nizable fins.  Lung-fish  and  eels  are  fishes,  but  whales  and 
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porpoises  are  not,  for  they  possess  mammary  glands  for 
the  suckling  of  their  young.  They  therefore  belong  to  the 
same  class  of  vertebrates  as  humans.  They  are  mammals 
gone  to  sea. 

Fish  are  low  in  the  vertebrate  scale,  but,  to  our  way  of 
thinking  at  least,  they  are  high  in  the  scale  of  animal  life 
as  a  whole.  Perhaps  if  they  did  not  belong  to  this  great 
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vertebrate  group  which  we  honor  with  our  presence,  we 
would  not  place  them  above  the  more  complicated  of  the 
insects  or  crustaceans,  but  no  matter  to  what  group  we  our- 
selves belonged — and  here  again  we  find  ourselves  speaking 
in  terms  of  evolution,  whether  we  believe  in  it  or  not — ^we 
would  place  them  far  above  such  creatures  as  the  jellyfish, 
and  still  further  above  the  Protozoay  the  one-celled  animals. 
For  in  this  last  group,  one  single  cell  performs  all  the 
life  functions:  nourishment,  movement,  control,  breathing, 
excretion,  reproduction.  A  fish  is  to  that  simple,  earnest  unit 
what  a  great  modern  shoe  factory,  with  its  power-plant,  its 
administrative  offices,  its  purchasing  department,  its  machine- 
tools,  its  sales  forces,  is  to  the  old-fashioned  cobbler  who 
tanned  his  own  leather,  spun  his  own  thread,  and  made  his 
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own  hammer  and  awl.  For  the  fish  has  many  cells,  and  these 
cells  are  grouped  together  into  what  we  may  call  organ- 
systems,  and  each  of  these  systems  takes  care  of  one  or  more 
of  the  principal  activities  which  are  necessary  to  the  fish's 
life.  Like  the  modern  factory,  the  fish  has  gone  in  for  di- 
vision of  labor.  Unlike  the  modern  factory,  he  has  not  put 
his  simple  predecessor  out  of  business,  for  protozoans  still 
prosper  mightily  upon  this  earth.  Although  most  of  them 
are  too  small  for  us  to  see,  their  number  is  legion,  and  some 
have  developed  their  single  cell  into  most  beautiful  and 
even  elaborate  structures. 


CHAPTER    III 

Body  Covering 

DIVISION  of  labor  among  the  different  organs  in  the 
body  occurs  in  all  animals  except  the  very  low  forms.  And 
since  all  animals  have  the  same  essential  life  processes,  they 
all  have  organ  systems  designed  for  the  same  purposes.  A 
crab,  or  even  a  snail,  must  have  an  integument  to  cover  him, 
eyes  to  see  food  and  danger  with,  muscles  to  move  him 
toward  or  away  from  them,  a  skeleton  for  the  muscles  to 
work  on,  a  stomach  to  digest  his  food,  a  circulating  medium 
to  carry  the  nourishing  elements  to  various  parts  of  the 
body,  a  disposal  system  to  get  rid  of  the  waste  products,  a 
means  of  reproducing  himself,  a  method  for  supplying 
himself  with  oxygen,  and  a  brain  to  co-ordinate  all  these 
activities. 

Quite  an  adequate  equipment:  as  far  as  number  of  sys- 
tems is  concerned,  we  and  the  rest  of  the  mammals  have 
no  more.  But  there  is  this  difference,  that  the  organs  which 
compose  the  various  systems  of  these  invertebrates  may  be, 
and  usually  are,  quite  different  from  the  organs  which  com- 
pose the  same  systems  in  mammals.  The  snail's  brain  consists 
of  several  groups  of  ganglia,  located  in  his  foot,  near  his 
mouth,  and  at  the  entrance  to  his  stomach,  whereas  a  mon- 
key's brain  is  a  great  mass  of  nerve-tissue  located  in  his 
head.  A  crab's  circulatory  system  consists  of  a  number  of 
tubes  leading  out  from  his  heart,  but  instead  of  joining 
themselves  to  returning  tubes  by  a  network  of  delicate  capil- 
laries so  that  the  blood  flows  through  a  closed  circuit,  as  in 
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us,  they  open  at  their  ends  and  let  the  blood  escape  into 
open  spaces,  to  find  its  way  back  to  the  heart  as  best  it  can. 

In  the  fish,  the  situation  is  different.  The  fish  has  the 
same  systems  which  the  invertebrate  has,  but  the  organs 
which  make  up  these  systems  are  different.  They  are  for 
the  most  part  remarkably  similar  to  the  corresponding  organs 
in  mammals.  They  are  simpler,  but  they  work  on  the  same 
principles.  They  might  be  likened  to  earlier  models  of  the 
same  machine,  accomplishing  the  result  in  the  same  way, 
but  less  adequately  and  less  efficiently,  just  as  the  single- 
tube  radio  worked  on  the  same  principles  as  the  most  up-to- 
date  multi-tube  superheterodyne. 

Like  the  owner  of  the  primitive  radio,  the  fish  is  limited 
in  his  range  of  interests  by  the  imperfections  of  his  machinery. 
He  concentrates  on  food,  shelter  from  danger,  and  a  mate. 
He  leads  a  simple,  straightforward  life,  and  his  organs  are 
adapted  to  the  life  he  leads.  Or,  as  the  mutationists  would 
say,  the  life  he  leads  is  adapted  to  the  kind  of  organs  he  has. 


SKIN 


The  first  organ  system  to  be  met  in  an  orderly  examina- 
tion is  the  body  covering.  This  system  is  the  most  striking 
instance  which  we  shall  find  of  the  fish  doing  things  dif- 
ferently from  the  mammals,  and  for  once  in  a  more  com- 
plicated way. 

In  the  first  place,  the  fish's  skin  is  alive.  The  very  outer- 
most covering,  the  covering  which  comes  in  contact  with 
the  great  world,  is  composed  of  living  cells.  This  is  not  the 
case  with  us,  for  the  living  part  of  our  skin  is  covered  with 
several  layers  of  hardened  cells  which,  although  transparent, 
are  completely  dead.  They  protect  the  living  cells  under- 
neath. When  you  touch  another  human  being,  you  do  not 
come  in  contact  with  living  flesh — unless  you  are  a  dentist, 
when,  if  you  are  a  little  clumsy,  the  dead  skin  of  your  finger 
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may  come  in  contact  with  the  living  cells  which  line  the 
mouth  of  the  patient — or  unless  you  are  engaged  in  amorous 
activities,  which  is  practically  the  only  occasion  when  the 
truly  living  parts  of  two  separate  human  individuals  come 
in  contact  with  each  other. 

Why  can  the  fish  expose  its  living  cells  to  the  world  while 
we  cannot?  The  reason  is  very  simple.  Cells  can  live  only 
in  a  liquid  medium.  This  holds  true  of  all  cells,  plant  and 
animal,  from  bacteria  to  human.  Any  of  our  cells  which  are 
exposed  permanently  to  the  air  will  die.  But  the  fish  lives 
in  water.  The  liquid  medium  which  his  cells  need  for  ex- 
istence surrounds  him  on  all  sides.  He  can  wear  them  on  his 
sleeve,  so  to  speak,  without  danger.  It  was  not  until  animals 
came  out  of  the  water  that  they  had  to  protect  their  living 
cells  with  a  dead  covering — an  accomplishment,  incidentally, 
which  poses  the  question  squarely  to  the  mutationists.  Did 
this  animal,  fish,  amphibian,  or  whatever  he  was,  have  to 
acquire,  by  a  chance  recombination  of  the  germ  material,  a 
coating  of  dead  cells  for  his  skin  before  he  came  out  on  land? 
Or  was  it  his  emergence  on  land,  with  its  necessity  for  pro- 
tection, that  brought  about  the  creation  of  the  protective 
coating?  The  latter  hypothesis  seems  the  easier  one  to  accept. 
One  can  imagine  the  outer  living  layer  dying  when  the  ani- 
mal became  a  land-dweller,  and  coming  to  form  a  protective 
coating  for  the  cells  underneath.  To  which  the  mutationists 
answer  that  no  one  has  ever  yet  succeeded  in  training  a  gold- 
fish to  live  out  of  the  water,  and  that  the  fish  which  do  suc- 
cessfully come  out  in  the  air  and  stay  there  for  some  time 
and  even  travel  over  dusty  ground  are  those  which  have  a 
special  layer  of  dead  material  covering  their  skins,  such  as 
the  armored  catfish,  and  that  several  fish  which  remain 
permanently  under  the  water,  such  as  the  trunk-fish,  have 
coverings  of  dead  material,  proving  that  this  requisite  for 
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land-life  can  be  elaborated  before  coming  out  on  land.  It  is 
not  hard  to  see  why  the  argument  still  boils. 

However,  even  the  fish  does  not  expose  his  living  skin 
entirely  to  contact  with  the  world.  He  covers  it  with  mucus, 
or  slime,  secreted  by  the  living  cells  and  exuded  onto  the 
surface.  This  is  what  makes  a  fish  slippery.  The  quantity  of 
slime  varies  with  the  species.  Some,  like  the  pickerel,  have  a 
large  amount,  as  anglers  can  testify,  while  others,  like  the 
carp,  have  comparatively  little. 

The  slime  serves  several  purposes.  In  the  first  place,  it 
acts  as  a  lubricant,  permitting  the  body  of  the  fish  to  slide 
through  the  water  without  friction,  thus  increasing  his  speed 
while  reducing  his  energy  expenditure.  In  the  second  place, 
it  protects  him  from  attack  by  fungus,  bacteria  and  other 
parasites,  forming  a  coating  through  which  it  is  difficult  for 
these  minute  organisms  to  pass.  In  the  third  place,  it  helps 
to  make  the  fish  water-tight,  and  this  is  highly  important  for 
in  most  species  the  skin  is  in  the  nature  of  a  semi-permeable 
membrane.  As  you  will  remember  from  the  days  when  you 
studied  physics,  a  semi-permeable  membrane  separating  two 
solutions  of  unequal  strength  allows  liquid  to  pass  through 
it  from  the  weaker  solution  toward  the  stronger.  The  fish's 
internal  fluids  are  somewhat  salty:  less  so  than  the  ocean, 
but  more  so  than  fresh  water.  In  the  ocean,  therefore,  there 
is  a  tendency  for  water  to  pass  out  of  the  weaker  internal 
solution  into  the  stronger  external  solution  j  in  fresh  water 
the  reverse  is  the  case.  In  other  words,  the  fresh  water  fish 
is  in  constant  danger  of  becoming  waterlogged,  of  absorbing 
so  much  water  that  his  internal  machinery  is  no  longer  able 
to  function  J  and  the  ocean  fish  is  in  danger  of  losing  water 
until  his  insides  dry  up.  The  slime  helps  to  save  them  from 
these  fates. 

It  is  because  of  the  importance  of  the  slime  as  a  protection 
against   external   parasites   and   against   internal   liquid   un- 
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balances  that  the  angler  has  been  so  often  told  that  he  should 
handle  a  fish  only  with  wet  hands  if  he  wants  to  return  it 
to  the  water  alive:  dry  hands  would  remove  so  much  of 
the  mucus  coating  as  to  expose  the  fish  to  fatal  attacks.  This 
theory  has  recently  been  undermined  by  an  experiment  in 
which  trout,  caught  on  flies,  were  removed  from  the  hook  in 
equal  numbers  with  wet  and  dry  hands,  and  retained  alive 
in  ponds  for  observation.  There  was  no  significant  difference 
in  the  mortality  of  the  two  groups.  The  explanation  seems  to 
be  that  dry  hands  need  to  squeeze  a  fish  less  than  wet  ones, 
and  that  the  slight  amount  of  mucus  removed  by  dry  hands 
during  the  short  time  needed  to  free  a  lightly  hooked  fish 
is  no  more  damaging  than  the  greater  pressure  of  wet  hands. 
In  the  case  of  a  deeply  embedded  hook  the  physical  injury 
to  the  internal  anatomy  paused  by  its  removal  would  be 
more  apt  Co  bring  about  death  than  the  application  of  hands, 
whether  wet  or  dry,  to  its  external  surface. 

Let  it  be  hastily  added,  however,  that  the  removal  of 
large  amounts  of  slime  by  extensive  use  of  dry  hands  could 
not  be  other  than  injurious.  It  is  for  this  reason  that  mois- 
tened woolen  or  cotton  gloves,  which  give  a  firm  grip  with- 
out undue  squeezing  or  drying,  are  worn  by  fisheries  workers 
when  taking  spawn  or  scales  from  live  fish.  These  spawn- 
taking  operations,  when  eggs  and  milt  are  stripped  from 
fish  which  are  then  returned  to  the  water,  offer  excellent 
opportunities  for  procuring  the  large  numbers  of  scale 
samples  needed  by  the  biologists  in  life-history  studies.  The 
accusation  has  at  times  been  made  by  fishermen  that  such 
scale-taking  injures  the  fish,  but  it  has  been  proved  again 
and  again  that,  if  properly  done,  it  causes  no  harm.  I  have 
taken  scales  from  trout,  and  then  penned  the  specimens  in  a 
cage  for  several-  weeks  afterward,  until  the  skin  had  grown 
back  into  place.  No  harm  was  done.  And  I  know  a  small 
stream  on  the  Pacific  Coast  where  the  steelhead  are  stripped 
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of  their  eggs.  Each  powerful,  struggling  female  is  firmly 
held  by  one  man  while  another  squeezes  from  her  the  gush- 
ing stream  of  pink  eggs.  A  third  man  then  removes  with 
forceps  half  a  dozen  of  her  scales,  and  fastens  on  her  back, 
just  under  the  dorsal  fin,  a  wire  with  red  and  white  cellu- 
loid tags,  numbered  for  identification.  And  yet  in  spite  of 
all  this  handling,  the  fish  go  out  to  sea,  and  return  in  perfect 
health  to  the  same  place  the  following  year  to  go  through 
the  same  process  again. 

But  it  must  be  remembered  that  these  fish  are  handled  by 
men  who  have  had  long  practice.  It  must  be  remembered 
that  the  scales  are  removed  from  only  a  very  small  spot, 
which  it  would  be  easy  for  mucus  from  the  surrounding  skin 
to  cover.  It  must  be  remembered  that,  at  the  time  that 
scales  are  most  commonly  taken,  the  water  temperatures 
happen  to  be  low,  a  condition  in  itself  unfavorable  to  bac- 
terial growth,  as  we  recognize  when  we  put  our  food  in  ice- 
chests  to  preserve  it.  And  it  must  be  remembered  also  that 
different  species  vary  greatly  in  their  ability  to  withstand 
handling.  The  small  "green  fry,"  which  most  visitors  to 
Bermuda  have  seen  swimming  in  vast  schools  in  shallow 
bays,  have  scales  so  loose  that  when  one  of  them  is  gobbled 
up  by  a  snapper  the  surrounding  water  sparkles  with  tiny 
green  points  of  reflected  light.  They  ^\\\  die  from  little  more 
than  a  touch.  At  the  other  extreme  is  the  Alaska  blackfish, 
the  staple  diet  of  the  Eskimos  and  their  dogs.  This  fish, 
about  six  inches  long,  has  a  leathery  skin  in  which  degenerate 
scales  are  embedded  at  intervals,  like  polka-dots.  Maltreat- 
ment cannot  shake  its  hold  on  life.  In  its  natural  haunts, 
according  to  reports,  it  can  remain  frozen  in  solid  ice  for 
weeks  on  end,  thawing  out  again,  as  the  spring  approaches, 
in  active  condition.  But  the  crowning  story,  quoted  by  no 
less  respectable  a  source  than  the  late  David  Starr  Jordan, 
narrates  that  one  blackfish,  fed  to  a  Husky  dog  from  a  pile  of 
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frozen  fish,  and  being  as  usual  swallowed  whole,  was,  a  few 
minutes  later,  coughed  up  alive  by  the  startled  animal,  and 
was  last  seen  flopping  back  into  the  water  through  a  hole  in 
the  ice,  having  been  revived  by  the  heat  of  the  dog's  stom- 
ach, which  it  probably  found  uncomfortably  warm. 

As  for  aquarium  fish,  I  have  seen  guppies  removed  from 
the  water  in  an  experimental  laboratory,  and  thoroughly 
dried  with  blotting  paper,  live  to  tell  about  it  to  their  sons 
and  grandsons,  but  this  practice  is  certainly  not  to  be  recom- 
mended. The  cichlid  known  as  the  "jewel,"  Hemichromis 
bimaculatus  Gill,  will  stand  a  great  amount  of  handling,  as 
was  proved  in  this  same  laboratory,  although  with  this  species 
care  was  taken  to  hold  it  only  with  wet  hands  or  a  wet  cloth. 
But  it  is  obvious  just  the  same  that  handling  never  does  a 
fish  any  good,  and  that,  although  a  certain  amount  of  it  is 
unavoidable,  the  less  of  it  aquarium  inhabitants  get  the  better 
ofl?  they  will  be. 


SCALES 


Beneath  the  living  skin  of  the  fish  is  «dead  material.  For 
the  scales  are  as  dead  as  our  fingernails,  and,  like  them,  are 
created  by  living  cells  which  secrete  or  excrete  the  material 
of  which  they  are  formed.  In  the  great  majority  of  fishes 
there  is  a  layer  of  skin  over  the  scales.  In  some  it  is  so  thin 
as  to  be  almost  invisible.  In  others,  such  as  the  eastern  brook 
trout,  it  is  fairly  heavy  and  makes  the  scales  hard  to  see.  In 
still  others,  like  the  eel,  it  is  so  thick  that  the  scales  are 
entirely  hidden. 

The  principal  function  of  the  scales  is  protection.  They 
are  the  remnants  of  the  heavy  armor-plate  which  the  earliest- 
known  fossil  fishes  wore.  As  the  fish  became  more  active  this 
armor-plate  had  to  become  more  flexible,  and  this  was  ac- 
complished by  breaking  it  up  into  small  sections.  Also,  as  the 
fish  acquired  powerful  teeth  and  jaws,  it  became  less  de- 
pendent on  protective  armor.  Mother  Nature  evidently  was 
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aware  of  the  theory  so  successfully  applied  in  modern  foot- 
ball that  a  good  offense  is  the  best  defense.  The  infant 
swordfish  starts  life  equipped  with  defensive  spines  and 
rudimentary  scales,  and  with  not  a  sign  of  a  sword.  As  it 
grows  up  and  produces  on  its  face  the  most  impressive  piece 
of  offensive  armament  in  the  whole  world  of  fishes,  it  com- 
pletely abandons  its  defensive  armor:   not  a  scale  nor  a 


Figure  4.  PORCUPINE-FISH 

From  Jordan  and  Evermann,  Fishes  of  North  and  Middle  Americay  by 
permission  of  the  United  States  National  Museum. 


Spine  is  to  be  found  on  the  body  of  the  adult  (see  Figure  26). 
And  another  fish,  the  surgeon-fish,  has  gone  so  far  as  to 
change  some  of  its  defensive  into  offensive  weapons,  for  it 
has  modified  two  of  the  scales  at  the  base  of  its  tall  into 
sharp  knives,  carried  most  of  the  time  In  sheaths  in  the  skin, 
but  ready  to  swing  out  into  action  when  it  wishes  to  attack. 
On  the  other  hand,  some  fish  have  tended  to  revert  to  the 
old  method,  and  have  concentrated  on  protection.  The  porcu- 
pine-fish bristles  like  its  namesake  with  spiny  points,  while 
the  trunk-fish's  body  is  so  stiff  with  horny  plates  that  it  can- 
not bend  at  all,  and  has  to  depend  on  its  tail  and  its  fins  for 
locomotion. 

For  thousands  of  centuries  fish  have  had  scales  and  men 
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have  known  it,  but  it  is  only  within  the  last  fifty  years  that 
they  have  known  how  much  the  scale  might  reveal  about  its 
owner.  This  was  partly  because  until  Leeuwenhoek,  the  early 
lens-maker,  began  his  painstaking  grinding  of  glass  in  Hol- 
land in  the  late  seventeenth  century,  there  was  no  way  to 
see  what  the  scale  had  to  tell.  But  the  fact  that  it  was  not 
until  two  hundred  years  after  Leeuwenhoek  that  his  discov- 
ery began  to  be  applied  to  the  reading  of  scales  indicates 
that  the  real  reason  was  that  no  one  cared.  As  long  as  man 
was  so  widely  scattered  over  the  earth  that  he  could  get  fish 
whenever  he  wanted,  either  for  food  or  for  sport,  it  wasn't 
necessary  for  him  to  cultivate  them.  But  then  man  began  to 
invent  machines.  Machines  had  a  threefold  effect  upon  his 
relation  with  fish.  In  the  first  place,  machines  brought  about, 
indirectly,  a  great  increase  in  human  population,  and  there- 
fore a  great  increase  in  the  number  of  potential  fish-eaters 
and  of  potential  fishermen.  In  the  second  place,  they  pro- 
vided means  whereby  fish  could  be  brought  to  fish-eaters 
far  from  the  home  of  the  fish  without  becoming  unappetiz- 
ing. And  in  the  third  place,  they  made  it  possible  for  sports- 
men to  transport  themselves  with  the  greatest  of  ease  from 
cities,  inland  prairies,  and  other  places  where  fish  do  not  live 
to  streams  and  oceans  where  they  do  live. 

When  the  resulting  demand  began  to  outrun  the  supply, 
man  realized  that  he  was  in  danger  of  destroying  one  of  his 
most  valuable  resources.  He  began  to  study  fish  from  the 
practical  point  of  view  as  well  as  the  scientific.  In  other 
words,  he  began  to  study  the  animal  as  a  crop  to  be  har- 
vested, as  well  as  a  specimen  to  be  classified  and  dissected. 
He  brought  the  microscope  to  bear  on  the  subject,  and  found 
that,  at  least  in  certain  of  the  species  in  which  he  was  par- 
ticularly interested,  the  scales  contained  a  record  of  the  fish's 
life. 

When  the  fish  first  comes  out  of  its  ^gg^  it  has  no  scales. 
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As  ichthyologists  put  it,  it  is  "naked."  Some,  like  the  com- 
mon catfish,  remain  naked  throughout  life,  but  the  great 
majority  decide  to  give  up  nakedness  before  they  are  very 
old.  The  size  at  which  they  first  clothe  themselves  varies. 
The  striped  bass,  for  instance,  is  only  half  an  inch  long 
when  he  succumbs  to  modesty,  whereas  the  various  salmons 
and  trouts  range  between  one  and  two  inches.  In  any  case, 
at  the  appointed  length,  the  scales  begin  to  appear,  and  the 
so-called  nuclei  are  formed  under  the  skin,  of  such  a  size 
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Figure    5.    DIAGRAMMATIC    CROSS-SECTION    OF    SCALES   AND 

SKIN 

that,  just  touching  each  other,  they  just  about  cover  the  fish. 
The  forward  end  of  each  scale  is  embedded  in  the  dermis 
(Figure  5),  and  the  free  after-end  comes  eventually  to  cover 
the  forward  end  of  the  scale  next  behind  it,  like  the  shingles 
on  a  roof.  This  free  end,  which  is  the  only  part  which  we 
see  when  we  look  at  a  fish,  is  very  much  smaller  than  the 
covered  part,  so  that  by  far  the  larger  portion  of  each  scale 
is  hidden  from  view.  In  the  black-bass  and  its  relatives,  the 
scale  has  radial  furrows,  and  the  exposed  after-end  is  cov- 
ered with  tiny  teeth,  which  is  what  makes  the  fish  feel  rough 
to  the  touch.  This  type  of  scale  is  called  ctenoid  (meaning 
comblike).  In  the  trouts  and  salmons,  the  whole  scale,  in- 
cluding the  exposed  after  portion,  is  smooth,  and  is  called 
cycloid  (Plate  I). 

As  the  fish  grows,  he  must  continue  to  be  covered  by  over- 
lapping scales.  This  effect  he  does  not  achieve,  as  might  be 
expected,  by  adding  to  the  number  of  his  scales.  The  number 
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never  varies.  It  remains  that  which  he  fixed  for  himself  when 
he  first  put  on  scales.  It  is  the  same,  within  close  limits,  as  is 
worn  by  all  his  species.  The  number  does  not  change,  but 
each  individual  scale  does.  Each  scale  grows  to  keep  up  with 
that  fraction  of  the  fish's  body  which  it  covered  in  the  be- 
ginning. And  this  growth  is  accomplished  by  adding  rings  of 
new  material  around  the  edge,  in  somewhat  the  way  in 
which  a  tree  adds  to  its  girth.  The  new  material  being  fur- 
nished by  the  dermis,  the  after-end  of  the  scale,  covered 
only  by  the  epidermis,  shows  irregular  and  poorly  marked 
accretions,  but  the  larger  portion  which  is  surrounded  by 
the  dermis  carries  clearly  defined  rings  throughout  the  life 
of  the  fish. 

The  tree,  as  we  have  all  been  taught,  adds  only  one  ring 
each  year,  and  it  is  by  counting  the  total  number  of  rings 
that  the  tree's  age  can  be  told.  Each  fish-scale  adds  many 
rings  each  year;  and  yet  the  character  of  this  ring-growth 
varies  with  the  seasons  to  such  an  extent  that  it  is  possible 
for  a  practiced  person  to  look  at  a  salmon  scale  under  a 
microscope  and  tell  not  only  how  old  the  fish  is,  but  also  how 
many  years  it  spent  in  the  sea,  and  how  many  times  it  has 
spawned — even,  if  it  has  not  spawned,  to  calculate  how  long 
it  was  at  the  end  of  each  year  of  its  life.  No  other  animal 
known  to  man  carries  about  with  it  such  a  complete  auto- 
biography. 

The  method  by  which  this  autobiography  can  be  read  was 
originated  by  Johnston  and  Dahl,  working  separately  in 
England  and  in  Norway,  at  the  turn  of  the  century,  and  in 
the  light  of  their  findings,  the  whole  thing  seems  as  simple 
as  Columbus'  egg.  In  summer,  when  the  water  is  warm  and 
food  is  plentiful,  the  fish  feeds  actively  and  grows  fast.  The 
scale,  during  this  period,  must  also  grow  fast  in  order  to 
keep  on  covering  its  portion  of  the  fish,  and  the  growth-rings 
of  the  scales  are  therefore  far  apart.  In  winter,  on  the  other 
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hand,  food  is  scarce,  and  temperatures  are  so  low  that  the 
fish  has  not  much  appetite.  He  feeds  little,  and  grows  slowly, 
if  at  all.  The  scale  grows  slowly,  if  at  all,  the  growth-rings 
are  close  together,  and  a  dark  band  is  formed,  called  the 
annual  check.  Count  the  number  of  annual  checks,  and  you 
have  the  fish's  age  (Plate  I). 

Furthermore,  when  a  fish  such  as  a  salmon  migrates  from 
fresh  water,  where  food  is  comparatively  scarce,  to  salt 
water,  where  food  is  enormously  abundant,  he  grows  much 
faster.  The  spacing  between  the  .summer  bands  increases 
greatly,  and  the  salt-water  years  stand  out  in  conspicuous 
contrast  to  the  preceding  fresh-water  years  (Plate  II). 

Still  further,  when  a  fish  like  the  trout  is  preparing  to 
spawn,  it  gives  up  eating  for  a  while.  It  ceases  to  grow,  and 
lives  upon  its  accumulated  fat.  During  that  period  the  edge 
of  the  scale  is  slightly  resorbed,  leaving  an  unmistakable 
wavy  line  to  mark  the  experience  forever.  And  in  the  salmon, 
which  fights  its  way  upstream  from  the  ocean  to  the  spawning- 
bed,  covering  hundreds  of  miles  and  going  for  weeks  or 
months  without  eating,  the  drain  on  the  reserves  causes  deep 
resorption  of  the  scales,  and  the  heavy  "spawning-mark" 
which  cuts  across  the  old  rings  and  divides  them  from  the 
new  stands  out  like  a  black  eye.  This  refers,  needless  to  say, 
to  the  salmon  of  the  Atlantic  Coast.  Pacific  salmon  die  on 
spawning. 

As  for  determining  the  length  of  the  fish  at  various  times 
in  its  life  from  its  scales,  while  the  methods  actually  used 
are  complicated  by  subsidiary  factors,  the  underlying  prin- 
ciple is  simplicity  itself.  It  is  merely  a  matter  of  the  ratio 
between  the  present  length  of  the  scale  and  its  length  at  any 
previous  annual  check,  in  proportion  to  the  ratio  between  the 
present  length  of  the  fish  and  its  length  at  the  time  of  that 
same  annual  check.  Suppose  we  have  a  trout  which  measures 
twelve  inches.  We  take  a  few  scales,  examine  them  under  the 
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microscope,  and  find  that  it  is  now  in  its  third  year  and  has 
never  spawned.  This  is  an  essential  condition  j  the  method 
cannot  be  applied  to  fish  which  have  spawned  because  in  them 
the  scale-resorption  which  we  have  already  mentioned  de- 
stroys the  relation  between  scale-length  and  fish-length.  We 
want  to  know  how  long  this  trout  was  at  the  end  of  its  first 
year. 

We  measure,  with  a  microscope  micrometer  or  some  other 
device,  the  distance  from  the  center  of  the  scale  to  its  front 
edge.  Let  us  suppose  that  this  is  0.9  millimeter.  Similarly, 
we  measure  the  distance  from  the  center  of  the  scale  to  the 
front  of  the  first  annual  check,  which  we  will  suppose  in  this 
case  to  be  0.3  millimeter.  Since  the  scale  grows  at  the  same 
rate  as  the  fish,  the  length  which  the  fish  had  reached  at  the 
end  of  its  first  year  must  be  the  same  fraction  of  its  present 
length  that  the  size  which  the  scale  had  reached  at  the  end 
of  the  first  year  is  of  its  present  size.  Now,  the  first  annual 
check  we  have  just  found  to  be  0.3/0.9,  or  %,  of  the  present 
scale-size.  The  fish  at  the  same  time  had  reached  the  same 
fraction,  %,  of  its  present  length,  12  inches.  The  fish  was 
therefore  4  inches  long  at  the  end  of  its  first  year. 

The  only  remaining  question  is,  why  does  anyone  want 
to  know  these  things?  In  general,  to  satisfy  the  curiosity  of 
that  enormously  inquisitive  animal,  the  human  being.  More 
particularly,  because  age  and  growth-rate  are  two  of  the 
most  important  tools  of  the  fisheries  workers — and  this  not 
very  enlightening  reply  may  be  best  elucidated  by  an 
example. 

The  main  object  of  fisheries  work,  whether  in  the  field  of 
commercial  or  of  sport  fishing,  is  to  maintain  the  supply  of 
fish  at  a  level  sufficiently  high  to  provide  good  fishing.  One 
of  the  methods  employed  is  to  determine  at  what  size  the 
fish  spawns,  and  to  forbid  the  capture  of  fish  under  this  size, 
thus  giving  each  individual  a  chance  to  reproduce  itself  at 
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least  once  before  it  goes  to  market  or  into  the  angler's 
creel. 

Now,  consider  the  California  golden  trout.  This  fish  was 
originally  found  in  two  small  streams  near  Mount  Whitney, 
and  nowhere  else  in  the  world.  These  two  streams  were 
fantastically  full  of  extremely  beautiful  and  very  hungry 
little  trout  most  of  which  matured  before  they  were  six  inches 
long,  which  is  to  say  that  they  had  spawned  at  least  once  be- 
fore that  time.  A  regulation  fixing  a  minimum  size  of  six 
inches  for  golden  trout  seemed  to  serve  the  purpose. 

Later,  the  species  was  transplanted.  It  reached  a  high 
barren  lake  not  many  miles  away,  and  there,  as  is  often  the 
case  when  trout  are  introduced  into  suitable  waters  unoccu- 
pied by  competing  forms  of  life,  it  flourished  mightily.  It 
grew  to  much  greater  size,  reaching  the  not  ignoble  length 
of  fifteen  inches.  An  examination  of  scales  revealed  two 
things:  that  no  fish  in  this  lake  laid  eggs  before  it  reached 
the  end  of  its  third  year  of  life,  and  that  at  the  end  of  the 
third  year  the  fish  averaged  ten  inches  in  length.  A  six-inch- 
minimum  regulation  was,  therefore,  of  not  the  slightest  avail 
in  preventing  the  destruction  of  fish  in  this  lake  before  they 
had  spawned  once,  but  it  was  only  by  a  study  of  scales  that 
this  fact  could  be  brought  to  light. 

It  must  not  be  thought  that  the  fisheries  worker  pretends 
that  he  can  take  any  scale  from  any  fish  and  recite  its  past 
history  therefrom.  In  some  species  the  scales  are  inscrutable, 
and  reveal  nothing  even  to  the  most  careful  searcher.  And 
in  the  species  in  which  the  scales  are  readable,  individual 
scales  are  often  ambiguous  in  their  indications.  Some  are 
blurred,  some  are  scarred,  and  still  others  are  regenerated — 
that  is  to  say,  they  are  replacements  of  the  scales  which  first 
occupied  those  positions  on  the  fish  and  which  have  in  some 
way  been  lost.  The  number  of  regenerated  scales  varies  with 
the  species,  but  in  all  cases  such  scales  have  a  blank  center, 
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seeming  to  indicate  that  they  grew  in  one  jump  to  the  size 
of  the  scale  which  they  replaced,  and  that  only  after  they 
had  reached  the  size  of  the  other  scales  did  they  begin  to 
trace  the  record  with  growth-rings. 

What  the  fisheries  worker  needs  is  large  numbers  of  speci- 
mens, to  enable  him  to  discard  uncertain  cases,  and  to  average 
out  inaccuracies,  errors,  and  exceptional  cases.  It  is  for  this 
reason  that  the  method  of  calculating  past  lengths  of  fish 
from  their  scales  is  especially  valuable  to  him.  From  a  hun- 
dred three-year-old  specimens  he  can  get  not  only  the  lengths 
of  a  hundred  three-year  fish,  but  the  lengths  of  a  hundred 
two-year  fish,  and  of  a  hundred  one-year  fish,  as  well.  Using 
scale-readings,  he  can  construct  the  life-history  of  a  species 
with  far  fewer  specimens  than  he  could  in  any  other  way. 

It  would  seem  obvious  that  the  fish-fancier's  aquarium- 
dwellers  would  show  no  records  on  their  scales.  Conditions 
of  temperature  and  food  remain  practically  constant,  and  in 
most  of  the  favorite  species  spawning  is  either  continuous, 
once  maturity  is  reached,  or  very  irregular.  None  of  the 
scales  which  I  have  examined,  although  showing  the  usual 
growth-increment  rings,  are  readable.  It  is  possible  that  the 
same  species  in  their  natural  haunts  would  produce  annual 
checks,  for  some  of  the  marine  tropical  fishes  in  their  native 
waters  seem  to  show  them,  although  there  are  no  well-known 
seasonal  differences  in  their  feeding  or  other  conditions  to 
account  for  such  checks. 


COLOR 


Most  people  admit  that  fish  are  beautiful,  but  with  a  note 
of  reservation  in  their  voices — an  unexpressed  "but."  This 
reservation,  it  may  be  hazarded,  has  to  do  with  the  fact  that 
the  beauty  of  fish  is  purely  one  of  esthetic  design,  and  is  lack- 
ing in  the  emotional  quality  which  plays  an  important  part 
in  our  appreciation  of  such  beauty  as  that  of  dogs,  horses. 
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ships,  cathedrals,  and  women.  Dogs  are  beautiful,  in  part  at 
least,  because  we  see  in  thein  creatures  of  undying  and  often 
undeserved  devotion  to  ourselves.  Horses  are  associated  in 
man's  mind  with  his  moments  of  reckless  gallantry — the 
Charge  of  the  Light  Brigade,  the  pink-coated  huntsman 
bouncing  over  fences  behind  the  hounds,  the  cowboy  on  his 
bucking  bronco.  Ships  are  the  tall  vessels  which  man  created 
to  carry  him  through  storm  and  violence  in  his  search  for 
new  lands  beyond  the  seas.  Cathedrals  represent  his  aspira- 
tions toward  God  and  toward  immortality.  Women — well, 
the  reactions  of  man  toward  women  have  been  too  often  told 
to  need  repeating  here,  and  the  reactions  of  other  women  to 
them  will  never,  in  spite  of  all  our  researches,  be  known  to 
us  if  we  are  men. 

To  the  beauty  of  each  of  these  the  beholder  contributes  by 
adding  the  beauty  of  his  own  emotions  which  the  prophets 
and  the  artists  and  the  poets  have  taught  him  to  associate 
with  them.  The  poor  fish  has  no  such  advantages.  No  pity  or 
gratitude  or  love  or  excitement  is  stirred  in  us  by  the  sight 
of  a  fish.  If  a  fish  wants  to  be  admired,  it  must  forego  these 
enhancements,  and  produce  for  our  contemplation  some- 
thing out  of  the  ordinary  in  the  line  of  pure,  intrinsic  beauty: 
beauty  of  form,  beauty  of  movement,  beauty  of  color.  And 
this  at  last  brings  us  back  to  the  body  covering,  for  on  it 
depends  the  fish's  greatest  claim  to  beauty,  its  coloring.  Fish 
can  boast  a  brilliance,  an  iridescence,  a  variety  of  pattern,  and 
an  ability  to  change  color,  unequaled  by  any  other  group  in 
the  animal  world,  and  in  producing  these  results  nature 
makes  use  of  a  couple  of  devices  which  she  has  abandoned  in 
the  animals  higher  up  the  ladder. 

The  fish's  iridescent  hues  are  caused  by  crystals  of  a  sub- 
stance called  guanin.  These  appear  in  their  undisguised  sil- 
very whiteness  under  the  transparent  skin  of  the  animal's 
belly,  but  on  its  back  they  are  overshadowed  by  the  thick 
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black  pigment  which  forms  in  that  portion  of  the  skin.  It  is 
a  temptation  to  say  that  this  shading  is  a  beautiful  example  of 
protective  coloration,  the  dark  back  being  almost  invisible  to 
an  enemy  like  a  fish-hunting  bird  looking  down  from  above 
into  the  dark  water,  while  to  an  enemy  looking  up  from 
below  the  light  belly  would  be  inconspicuous  against  the 
light  coming  from  above.  However,  there  is  a  school  of 
thought  which  claims  that  protective  coloration  is  a  myth, 
and  that  what  seem  to  be  examples  of  it  can  all  be  explained 
on  purely  mechanical  grounds.  They  believe  that  the  fish's 
back  is  dark  solely  because  the  light  shining  on  it  from  above 
turns  it  dark,  and  the  under  side  is  pale  only  because  it  re- 
ceives no  light.  One  worker,  to  prove  this,  carried  out  an 
experiment  on  the  flounder.  The  flounder  habitually  rests  on 
bottom,  and  its  under  side  is  completely  without  coloring 
matter,  whereas  the  upper  side  is  well  supplied  with  it.  It 
being  impossible  to  persuade  the  flounder  to  reverse  its  posi- 
tion, this  man  resorted  to  trickery.  He  put  it  in  a  glass  tank 
through  which  by  means  of  mirrors  a  constant  stream  of  light 
was  brought  to  play  on  it  from  beneath.  The  flounder  did 
eventually  succeed  in  producing  colored  pigment  on  its 
theretofore  immaculate  under  side,  but  the  fact  that  it  took 
over  a  year  to  do  it  leaves  one  uncertain  whether  this  scien- 
tist proved  his  theory,  or  merely  showed  what  changes  can 
be  made  in  nature's  arrangements  when  they  are  forcibly 
submitted  to  unnatural  conditions.  In  any  case,  that  light 
plays  at  least  some  part  in  the  distribution  of  pigment  is 
shown  by  a  species  of  African  catfish  which,  swimming  habitu- 
ally wrong  side  up,  has  reversed  the  conventional  color 
scheme:  its  belly  is  dark,  its  back  almost  white. 

To  return  to  our  guanin  crystals,  the  interesting  point 
about  them  is  that  they  are  by-products.  They  were  not  put 
there  to  give  the  fish  iridescence.  They  are  there  because,  at 
the  time  she  designed  the  fish.  Nature  had  not  yet  got  around 
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to  working  out  a  really  gopd  waste-disposal  system.  Those 
guanin  crystals  are  waste  products  of  the  blood,  carried  out 
to  the  skin  and  deposited  there  where  they  can  do  no  harm; 
and  the  same  thing  may  be  true  of  scales.  As  soon  as  a  good 
excretory  system  came  on  the  market,  guanin  crystals  went 
out  of  use. 

Against  this  theoretically  interesting  but  visually  unexcit- 
ing background,  the  color  pattern  of  the  fish  is  traced  by 
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Figure  6.  CHROMATOPHORE,  GREATLY  MAGNIFIED 

pigments  in  the  skin.  Some  fish  never  vary,  but  the  majority 
have  the  ability  to  change  color  to  a  greater  or  less  extent. 
To  accomplish  this  they  make  use  principally  of  a  simple 
but  ingenious  set  of  mechanisms  known  as  chromatophores. 
Chromatophores  are  little  sac-like  cells,  shaped  like  many- 
armed  stars,  which  are  scattered  through  the  skin  in  great 
numbers.  They  contain  pigment.  The  pigment  can  become 
practically  invisible  by  withdrawing  into  the  center  of  the 
cell,  or  it  can  expose  its  color  in  varying  degrees  by  the  extent 
to  which  it  spreads  out  into  the  arms  of  the  star. 

Each  chromatophore  contains  only  one  color — red,  orange, 
yellow,  or  black — and  it  is  the  amount  of  this  color  exposed 
to  view,  in  combination  with  the  amount  of  each  other  color 
exposed  to  view  by  the  other  chromatophores,  and  also  in 
combination  with  a  certain  amount  of  permanent,  invariable 
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pigmentation  existing  in  most  fishes,  which  determines  the 
color  pattern  at  any  moment.^ 

It  was  for  many  years  taken  for  granted  that  these  color 
changes  were  for  the  most  part  concerned  with  the  business 
of  protective  coloring.  Then  there  appeared  upon  the  scene 
the  aforementioned  gentlemen  who  refuse  to  believe  in  pro- 
tective coloration.  Exemplifying  the  fact  that  all  people,  even 
scientists,  go  to  extremes,  they  are  in  revulsion  against  the 
generation  of  naturalists  who  talked  about  "our  little  feath- 
ered friends"  and  "the  finny  denizens  of  the  deep,"  who 
saw  in  everything  from  the  shell  of  the  oyster  to  the  skull  of 
man  the  workings  of  an  all-wise  and  all-foreseeing  provi- 
dence. These  upholders  of  the  opposite  extreme  not  only 
snort  with  rage  at  anything  savoring  of  the  teleological,  but 
they  object  to  applying  in  any  way  man's  standards  of  values 
or  his  sense  of  relationships  to  any  of  the  workings  of  nature. 
They  seem  to  lean  over  backward,  and,  in  fear  of  being  con- 
taminated by  human  ideas  in  the  interpretation  of  nature,  to 
deny  what  appear,  in  the  light  of  common  sense,  to  be  the 
most  obvious  explanations. 

These  people  denied  the  existence  of  protective  coloration. 
They  refused  to  believe  that  the  fish's  color  changes  had  any 
connection  with  its  background,  and  some  of  them  even  re- 
fused to  believe  that  color  changes  took  place  in  fish  at  all, 
arguing  that  what  appeared  to  be  such  were  optical  illusions 
on  the  part  of  the  observer.  It  was  not  long  before  first  one 
laboratory,  and  then  another,  was  working  to  refute  them, 
and  each,  because  of  the  facility  with  which  these  animals 
change  color,  chose  members  of  the  flounder  family  for 
experimentation.  Flounders  were  transferred  back  and  forth 
from  one  kind  of  background  to  another  until  they  must 

^  The  blutf  and  green  colors  seen  In  fish  are  g-enerally  due  to  the  reflec- 
tions and  interferences  of  light  by  the  colorless  surfaces  of  the  guanin 
crystals  and  the  scales,  acting  in  conjunction  with  the  different  pigment 
combinations. 
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have  been  dizzy.  They  were  put  on  pale  backgrounds  and  on 
dark  backgrounds,  on  sand  and  on  mud,  on  fine  gravel  and 
on  coarse  gravel,  on  black-and-white  checker-boards,  and 
on  black  polka-dots  on  a  white  field.  One  poor  fish  was  even 
kept  in  a  glass-bottomed  tank  under  which  a  checker-board 
slowly  but  continually  revolved. 

To  eliminate  all  question  of  the  optical  illusions  of  the 
observers,  careful  photographs  of  each  experiment  were  taken. 
And  when  the  evidence  was  all  in,  there  was  no  room  left  for 
argument.  The  resemblances  between  the  patterns  of  the 
fishes'  skin  and  the  backgrounds  on  which  they  lay  were 
unquestionable,  even  in  the  case  of  the  merry-go-round.  Not 
that  the  animals  had  been  able  to  reproduce  polka-dots  and 
squares  on  their  skinj  these  actual  shapes  were  beyond  them. 
But  in  every  case,  the  general  eflFect  of  the  skin-pattern  was 
remarkably  close  to  the  general  effect  of  the  background.  If 
it  was  white,  the  skin  was  almost  colorless  j  if  it  was  black, 
the  skin  was  very  dark.  If  it  was  made  up  of  very  small  black- 
and-white  squares,  or  polka-dots,  the  skin  had  a  fine-grained 
light-and-dark  pattern  j  if  it  was  made  up  of  large  checker- 
boards or  polka-dots,  the  skin  had  a  correspondingly  coarse 
light-and-dark  pattern.  Some  of  the  photographs  which 
were  taken  are  reproduced  here  (Plate  III),  and  give  a  better 
idea  of  what  happened  than  any  amount  of  description. 

It  was  also  found  that,  in  addition  to  being  able  to  adapt 
their  skins  to  various  shades  of  light  and  dark  and  to  various 
degrees  of  coarseness  of  pattern  such  as  might  be  found  in 
their  own  habitats,  some  of  these  fishes  were  able  to  simulate 
different  colors,  blues,  greens  and  purples,  which  they  would 
never  meet  under  natural  conditions.  Other  points  were 
brought  out  in  the  course  of  the  experiments  which  add  sig- 
nificance to  the  whole  picture. 

In  the  first  place,  it  was  found  that  individual  fish  varied 
greatly  in  their  color-changing  abilities.  Some  fish  changed 
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only  very  slowly,  and  never  succeeded  in  making  a  good 
match  with  the  background,  while  others  changed  quickly 
into  a  very  close  imitation  of  whatever  bottom  they  were 
placed  on.  Here  we  have  a  perfect  piece  of  machinery  for  the 
working  of  selective  evolution.  Those  individuals  very  expert 
at  color  adaptations  might  be  expected  to  live  long  and  suc- 
cessful lives,  and  produce  a  great  host  of  offspring,  whereas 
those  that  clung  obstinately  to  one  color  regardless  of  back- 
ground might  be  expected  to  perish  miserably  at  an  early  age, 
leaving  no  descendants  behind  them.  And  so  color  adaptabil- 
ity, once  it  had  occurred  by  mutation,  might  be  expected  to 
be  handed  on  until  it  included  the  whole  race,  while  those 
unhappy  individuals  in  which  it  failed  to  reach  its  full  efficacy 
would  be  eliminated  by  nature  before  they  could  spread  their 
misfortune. 

In  passing,  it  is  of  interest  to  note  that  the  fish  definitely 
improved  with  practice,  that  is,  the  more  often  they  were 
shifted  from  one  pattern  to  another,  the  more  quickly  they 
learned  to  make  the  necessary  change.  One  individual  even 
became  so  adept  that,  when  placed  in  a  tank  with  one  part  of 
the  bottom  black  and  the  other  part  white,  it  could  be  ob- 
served to  change  from  dark  to  light  as  it  swam  slowly  across 
the  dividing  line  between  the  two  sections.  This,  remember, 
is  not  a  fish  story,  but  a  scientist's  report. 

It  was  also  found  that  the  eyes  played  an  indispensable 
part  in  making  color  adaptations.  Fish  which  had  been  excel- 
lent performers  lost  their  ability  entirely  when  they  were 
prevented  from  seeing.  If,  in  normal  condition,  they  were 
placed  on  a  black  background  until  they  had  adapted  them- 
selves to  it,  and  were  then  blindfolded  in  one  way  or  another 
and  moved  to  a  white  bottom,  they  remained  dark  in  color, 
and  the  reverse  was  in  principle  true  if  they  started  on  white 
and  went  to  black. 

To  the  reader  this  may  not  seem  a  particularly  startling 
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discovery,  and  he  might  well  permit  himself  to  say,  "Nat- 
urally the  fish's  eyes  play  an  important  part  in  his  color 
adaptation.  What  else  would  you  expect?"  But  to  those 
scientists  who  believe  that  things  are  never  what  they  seem 
it  was  a  blow,  for  they  had  maintained  that  the  color  changes 
were  caused  by  the  action  of  light  on  the  pigment  cells  in  the 
skin,  and  that  the  eyes  had  little  or  nothing  to  do  with  it. 

It  was  also  found  that  with  either  eye  alone,  color  adapta- 
tion took  place  just  as  well  as  with  both 5  in  other  words, 
each  eye  acted  on  all  the  chromatophores  of  the  body,  and 
this  was  confirmed  by  the  finding  that  if  a  fish  were  held 
right  on  the  dividing  line  between  white  and  black,  so  that 
one  eye  was  on  the  black  side  and  one  on  the  white,  it  assumed 
a  uniform  gray  color.  The  chromatophores,  acted  on  equally 
by  each  eye,  were  held  in  a  state  of  balance.  However,  not 
all  species  are  like  these  flat-fishes.  Trout  with  one  eye  put 
out  of  action  will  show  color  changes  only  on  one  side. 

There  still  remained  one  refuge  for  the  die-hards.  What 
proof  is  there,  they  asked,  that  the  eyes  of  other  animals  see 
the  same  things  that  ours  do?  What  right  have  we  to  assume 
that  just  because  a  certain  animal  pattern  is  invisible  against 
a  certain  background  to  us,  it  is  also  invisible  to  that  animal's 
enemies?  Does  protective  coloration  protect? 

This  point  is  not  as  far-fetched  as  it  may  seem,  because  the 
difference  between  the  machinery  of  our  eyes  and  that  of  the 
lower  animals  is  considerable,  as  will  appear  in  a  later  chap- 
ter. Moreover,  it  is  a  difficult  point  to  controvert,  for  how 
is  anyone  ever  to  find  out  what  the  world  looks  like  to  any 
other  person,  especially  when  that  other  person  is  a  bird  or  a 
fish? 

Theoretical  arguments  went  back  and  forth  for  years  with- 
out breaking  the  stalemate,  until  one  of  the  leading  ex- 
ponents in  the  earlier  flounder  work  hit  upon  a  series  of 
experiments  of  a  simplicity  nothing  short  of  beautiful.  In 
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experimental  biology,  the  principal  problem  is  how  to  put  a 
question  to  an  animal  in  such  a  way  that  it  can  answer  it. 
There  is  no  use  in  asking  an  animal  what  it  sees,  because  it 
cannot  tell  you,  but  you  can  ask  what  it  is  going  to  do  about 
what  it  sees,  and  it  can  answer  you  by  its  actions. 

Employing  this  well-known  method,  this  scientist  made 
use  of  the  fact,  learned  in  his  previous  work,  that  in  many 
fish  the  color  change  takes  a  long  time  to  complete.  There  is 
a  first,  immediate  change  of  small  extent  in  the  direction  of 
the  new  color,  and  then  the  rest  of  the  adaptation  proceeds 
quite  slowly.  The  explanation  appears  to  be  that  some  of  the 
chromatophore  machinery  is  less  sensitive  and  therefore 
slower-acting  than  the  rest,  and  also  that  there  is  a  change 
in  the  amount  of  permanent,  or  semipermanent,  pigmenta- 
tion. A  fish  kept  for  a  long  time  on  a  white  background  loses 
much  of  this  pigmentation,  and  when  it  is  moved  to  a  black 
background  it  takes  some  time  to  produce  anew  enough  of 
this  semipermanent  pigment  to  bring  it  back  to  its  darkest 
possible  shade. 

A  certain  small  killifish  called  Gambusia  affinis,  better 
know  as  the  "mosquito  fish,"  a  common  and  easily  handled 
species,  was  found  to  operate  its  color-changing  machinery 
along  the  desired  lines.  Fish  kept  in  a  black  tank  became 
dark,  fish  kept  in  a  white  tank  became  pale.  If  now  the  pale 
fish  were  placed  in  the  black  tank,  they  at  once  became  appre- 
ciably darker  than  they  had  been,  but  they  remained  for 
some  time  very  much  lighter  than  the  old-time  residents  of 
that  tank. 

The  prey  having  been  found,  the  next  step  was  to  find 
the  predator.  Predator  means  in  general  a  bird  or  beast  of 
prey,  but  it  is  used  more  specifically  to  refer  to  the  particular 
animal  which  preys  on  a  particular  species.  The  first  predator 
tried  was  a  little  Galapagos  penguin  which  happened  to  be 
living  in  a  near-by  zoo.  Quantities  of  mosquito  fish  were 
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kept  in  black  tanks  and  in  white  until  they  had  reached, 
respectively,  the  maximum  shade  of  darkness  or  of  pallor. 
Then,  into  a  large,  light-colored  tank,  fifty  of  each  kind  of 
fish  were  placed  at  the  same  time  as  two  of  the  penguins. 
The  dark  fish  grew  somewhat  lighter  than  they  had  been, 
but  remained  very  much  darker  than  the  pale  ones.  To  the 
human  eye  they  were  conspicuous  against  the  light  back- 
ground, whereas  the  pale  ones  were  not.  The  penguins 
plunged  happily  about,  scooping  up  little  fish  at  a  great  rate. 
The  experimenter  stood  by,  watch  in  hand,  hopeful,  but 
quite  unable  to  see  how  it  was  all  turning  out.  At  the  end  of 
two  minutes  the  penguins  were  removed  and  the  fish  counted. 
Fourteen  of  the  dark  fish  had  been  eaten,  but  only  six  of  the 
pale  ones.  A  four-hour  test  was  next  made,  and  this  time 
twenty-nine  dark  fish  were  eaten  to  only  fourteen  pale  ones. 
In  a  light-colored  tank,  twice  as  many  dark  fish  had  been 
eaten  as  light-colored  fish !  Protective  coloration  had  actually 
protected.  Four  more  tests  gave  the  same  answer,  although 
not  quite  so  strikingly.  And  when  the  reverse  of  this  experi- 
ment was  tried,  putting  both  kinds  of  fish  into  a  black  tank, 
the  results,  perhaps  because  the  dark  residents  were  here  even 
less  visible  than  the  pale  ones  had  been  in  the  light  tank, 
were  still  more  convincing:  217  pale  victims  in  all  were 
eaten,  against  only  78  dark  ones — 74  per  cent  pale  to  26  per 
cent  dark,  almost  three  to  one. 

Not  content  with  this,  the  experimenter  went  on  to  try 
his  system  on  other  predators.  He  used  a  heron,  which  sees 
its  prey  only  from  above,  and  got  approximately  the  same 
results.  And  then,  inasmuch  as  the  majority  of  predators  of 
fish  are  other  fish,  he  used  a  species  of  sunfish  which  hap- 
pened to  be  available,  and  got  even  more  definite  results. 
After  years  of  futile  theoretical  argument,  one  man  had 
solved  the  old  problem  by  the  simplest  and  most  straight- 
forward of  methods.  To  the  satisfaction  of  most  people,  he 
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definitely  established  that  protective  coloration  exists,  and 
that  protective  coloration  does  protect. 

Not  all  fishes  have  this  ability  to  adapt  their  coloring.  In 
the  tuna  and  the  swordfish  it  is,  so  far  as  we  can  tell,  very 
little  developed.  These  are  fishes  which  spend  most  of  their 
time  in  the  upper  waters  of  the  open  sea.  Here  conditions 
change  very  little,  and  there  is  therefore  little  need  for  color 
change.  The  basic  scheme  of  dark  back  and  light  belly  is  the 
suitable  dress  for  all  occasions. 

The  trouts  live  in  a  different  kind  of  world.  Sometimes 
they  are  on  a  dark  bottom,  sometimes  on  light.  Sometimes 
they  are  in  the  sunshine,  sometimes  in  the  shadow.  In  color 
and  pattern  adaptation  they  are  far  behind  the  flounder,  but 
their  shade  they  can  alter  to  meet  conditions.  With  them, 
too,  the  eye  is  the  principal  instrument  in  bringing  the  ad- 
justment about,  and  this  fact  I  learned  before  I  ever  looked 
into  a  microscope.  It  was  when  I  first  fished  the  Test  in 
England  many  years  ago.  Catching  trout  in  the  Test  is  a 
different  problem  from  catching  them  in  our  American 
streams.  In  the  Test,  the  fish  lie  in  plain  sight,  and  the  ability 
to  cast  a  dry  fly  with  sufficient  skill  to  make  them  want  it  is 
the  principal  requirement.  In  our  American  streams,  such 
as  the  Broadhead  or  the  Gunnison,  to  take  widely  separated 
examples,  the  fish  are  almost  never  visible,  and  the  knowl- 
edge of  where  to  fish  for  them  is  the  first  requirement.  The 
most  skillful  caster  gets  nothing  more  than  an  occasional 
chance  rise  unless  he  knows  where  to  cast. 

The  Test  is  an  exciting  stream  because  there  are  always 
lots  of  fish  to  be  seen.  One-  and  two-  and  three-pounders 
float  in  the  slow,  clear  water,  fins  just  moving  to  hold  them 
against  the  current,  sometimes  as  many  as  seven  or  eight  all 
in  sight  at  once.  You  may  see  a  thousand  fish  in  the  course  of 
a  day,  and  yet,  if  you  are  no  more  expert  than  I  was,  have 
difficulty  getting  as  many  as  six.  For  only  about  one  in  six 
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of  the  fish  you  see  is  feeding,  and  of  those  that  are  feeding, 
only  about  one  in  six  will  look  at  your  fly,  and  of  those  that 
rise  only  one  in  six  will  actually  take  it,  and  of  those  that 
take  it,  so  small  are  the  flies  and  so  slender  the  leaders  that 
must  be  used  in  this  transparent  water,  only  about  one  in 
six  reach  the  net. 

The  bottom  is  generally  sandy,  and  most  of  the  fish  are  a 
sandy  color  to  match  it,  but  a  few  are  dark  and  stand  out 
conspicuously  against  the  background.  Naturally  they  are  the 
easiest  ones  to  see,  and  on  the  first  day  they  were  the  ones 
which  attracted  my  attention.  I  must  have  cast  over  three  of 
four  of  them  without  getting  a  sign  of  a  rise,  when  the  keeper 
came  along.  He  watched  me  for  a  minute  in  silence.  Then 
he  touched  my  arm.  "See  that  pale  one  over  there?"  He 
pointed  to  a  two-pounder,  just  the  color  of  the  bottom,  near 
the  far  shore,  which  I  had  not  noticed.  "Give  him  a  try. 
You'll  have  a  better  chance  with  him.  This  black  fellow  will 
never  rise  for  you.  He's  blind." 

In  streams  like  the  Test,  where  the  fresh-water  shrimp 
and  other  forms  of  food  are  immensely  abundant,  the  blind 
trout  can  keep  himself  well  fed  by  the  use  of  his  other 
senses;  but  he  cannot  match  the  bottom. 

Contrasting  with  this  confident  self-exposure  in  which  the 
Test  trout  felt  free  to  indulge  was  the  shyness  of  the  fish 
in  a  certain  small  high-Sierra  stream  which  I  had  a  chance  to 
watch  one  summer.  Inhabitants  of  other  waters  in  that  region 
are  far  from  wary,  but  this  particular  stretch  of  stream  ran 
beside  a  major  trail.  Into  it,  from  a  near-by  lake,  a  great 
number  of  trout  had  crowded  during  the  spawning  season. 
At  the  end  of  the  season,  and  before  all  the  spawners  had 
returned  to  the  lake,  the  stream  was  barred  in  two  places  for 
experimental  reasons.  I  knew,  or  thought  I  knew,  that  three 
fish  had  been  penned  in  between  the  barriers.  Two  of  these 
I  caught  with  hook  and  line  and  replaced  in  the  lake,  but 
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the  third,  a  specimen  about  ten  inches  long,  I  was,  in  spite  of 
all  my  efforts,  unable  to  catch.  I  knew  the  rock  under  which 
he  lived,  and  I  saw  him  several  times.  I  pricked  him  once, 
and  after  that  he  never  came  near  the  hook.  Finally,  much 
against  my  will,  I  placed  a  trap  in  the  stream  for  him.  The 
next  morning  there  were  six  ten-inch  trout  in  the  trap.  In 
spite  of  the  fact  that  I  had  watched  that  short  stretch  of 
stream,  not  over  thirty  feet  long,  and  nowhere  more  than 
two  feet  deep  and  eight  feet  broad,  steadily  throughout  a 
whole  month,  I  had  never  seen  more  than  one  fish  in  it,  and 
him  only  rarely. 

No  protective  motivation  has  been  discovered  for  the  spec- 
tacular changes  in  color  and  pattern  which  some  of  the  coral 
reef  fishes  go  through.  Species  are  known  which  have  at  least 
seven  distinct  costumes  which  they  change  with  almost  un- 
believable rapidity.  The  transformations  appear  to  be  con- 
nected with  emotional  or  physiological  disturbances.  Why 
this  should  be  so,  or  its  value,  is  not  known  j  but  that  chro- 
matophores  furnish  the  mechanism  is  recognized. 

Aside  from  color-change  by  means  of  chromatophores,  at 
least  two  other  general  types  occur  in  fish.  One  is  the  intensi- 
fication of  coloring  and  the  addition  of  brighter  colors  which 
accompany  spawning — the  so-called  "nuptial  coloring." 
This  occurs  most  frequently  in  fresh-water  species,  and  is 
rarely  found  in  salt  water.  It  Is  conspicuous  in  the  primitive 
"bowfin"  of  our  Middle  West  and  in  some  of  the  trouts.  It 
occurs  to  a  certain  extent  among  the  sunfishes  and  black 
basses.  Very  little  attempt  has  been  made  to  find  out  the 
machinery  of  these  changes,  but  it  may  be  deduced  from 
what  is  already  known  that  chromatophores  play  no  large 
part,  and  that  the  effect  is  due  to  the  general  excitement  of 
the  fish — for  even  human  beings  are  brighter  colored  when 
in  love — and  to  an  addition  of  bright  pigment  to  the  perma- 
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nent  pattern,  brought  about  in  some  way  by  hormones  gen- 
erated by  the  ripening  sex-products. 

But  there  is  one  group  of  fish  well-known  to  the  aquarist 
whose  nuptial  brilliance  does  depend  on  chromatophores. 
These  are  the  cichlids — the  scalares,  the  orange  chromides, 
the  acaras,  and,  most  striking  of  all,  the  already-mentioned 
"jewel."  This  little  fish  from  tropical  Africa  spawns  with 
great  frequency,  sometimes  oftener  than  once  a  week,  and 
it  might  be  supposed  that  the  flaming  color  which  it  puts  on 
for  each  occasion,  and  which  fades  to  a  dull  gray  in  the 
interludes,  is  again  an  effect  of  generative  hormones.  There 
is  this  difference,  however,  between  it  and  such  a  fish  as  the 
trout,  that  the  latter  retains  its  nuptial  colors  in  unvarying 
brilliance  until  the  sex-products  are  disposed  of,  whereas  the 
jewel,  male  or  female,  will  lose  its  color  and  revert  to  the 
pale  gray  of  the  unripe  fish  if  it  is  caught  by  a  human  hand 
or  cowed  by  a  more  powerful  rival,  to  reacquire  its  brilliance 
as  soon  as  it  is  undisturbed.  The  courting  dress  is  therefore 
due  not  to  a  direct  secretion  of  the  ripe  ovaries  or  testes  act- 
ing upon  the  coloring  agents,  but  to  an  excitement  brought 
about  by  the  ripeness  of  the  sex  organs,  which  excitement 
stimulates  the  nerves  which  control  the  chromatophores. 
That  this  is  the  case  is  further  illustrated  by  the  fact  that 
the  administration  of  a  drug  called  yohimbine  to  the  male  or 
female  jewel  in  its  neuter,  or  unripe,  stage  will  produce  the 
courting  costume,  without  any  of  the  courting  behavior,  and 
this  is  because  yohimbine  acts  upon  the  controlling  nerves 
and  disperses  the  pigment  throughout  the  chromatophores. 
The  artificial  blushes  will  remain  for  three  or  four  days, 
gradually  disappearing  as  the  effects  of  the  drug  wear  off. 

"How"  and  "why"  are  the  two  questions  which  man  is 
always  asking.  Long  before  the  "how"  of  nuptial  coloring 
had  been  considered,  the  "why"  was  being  asked,  and 
Charles  Darwin  himself  gave  one  of  the  first  answers  in  his 
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"sexual-selection"  theory.  This  theory  applies  especially  to 
those  animals  in  which  the  male  only  displays  the  bright 
colors.  Influenced,  perhaps,  by  the  inability  of  women  to 
resist  soldiers,  a  worldly  fact  so  well  known  that  even  a 
scientist  could  not  escape  it,  Darwin  pronounced  the  theory 
that  the  female  animal,  throughout  the  ages,  has  been  at- 
tracted by  bright  colors.  The  most  brilliant  males,  according 
to  him,  have  always  had  the  best  chance  of  getting  mates  and 
offspring  and  of  passing  on  their  brilliance,  and  the  result  is 
that  it  eventually  spreads  throughout  the  species.  Experi- 
ments have  shown  that  in  some  animals  at  least  Darwin's 
psychology  was  wrong,  and  that  the  bright  male  coloring  is 
used  not  to  seduce  the  female,  but  to  frighten  off  rival  males. 
It  is  a  warning  rather  than  a  promise,  but  the  evolutionary 
result  is  the  same:  the  most  brilliant  male  has  the  best  chance 
of  getting  a  mate. 

In  those  species  in  which  both  sexes  display  the  bright 
colors,  and  especially  in  the  jewel-fish,  Darwin  may  have 
been  right.  Recent  experiments  show  that,  given  her  choice 
between  a  gentleman  in  bright  courting  red  and  one  in  the 
drab  neutral  gray,  the  lady  chooses  the  flashy  clothes.  The 
bright  coloring,  in  either  sex,  we  may  suppose,  is  a  signal.  It 
attracts  the  attention.  It  announces  to  members  of  the  other 
sex  that  the  wearer  is  ready  and  looking  for  trouble. 

A  third  kind  of  color-change  sometimes  occurs  as  part  of 
the  normal  growth  of  fish.  In  many  species  there  is  very  little 
color  difference  between  the  infant  and  the  parent,  but  in  a 
few  this  difference  is  marked.  In  Bermuda,  the  male  of  the 
*^lue-head,"  a  common  reef- wrasse  about  six  inches  long, 
goes  through  so  many  color-changes  during  growth  that  for 
years  it  was  classified  as  several  different  species.  A  less  strik- 
ing, but  more  widespread  and  better-known,  example  is  the 
"parr-mark"  of  the  salmon  family.  Rainbows,  cutthroats, 
browns,  Atlantic  salmon,  Pacific  salmon,  brook  trout,  all  have, 
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at  some  period  of  their  infancy,  a  series  of  not  very  clearly 
defined,  oval,  bluish-gray  patches  along  their  sides.  In  the 
California  golden  trout  and  a  similar  Canadian  form,  both 
inhabitants  of  small  streams  in  high  mountain  regions,  these 
parr-marks  often  remain  visible  throughout  life,  but  in  other 
species  they  vanish  before  maturity  is  reached.  The  theory  is 
that  these  markings  were  permanent  features  of  the  extinct 
ancestors  of  the  salmon  family,  and  that  in  the  course  of 
evolution  they  were  pushed  out  of  the  picture  until  now  the 
only  chance  they  get  to  appear  is  during  the  early  life  of 
each  individual.  This  is  called  the  recapitulation  theory,  or 
the  biogenetic  larxj  and  we  shall  meet  it  again  in  the  course 
of  this  book.  It  is  a  theory  devised  by  biologists  for  their  own 
edification  and  enlightenment.  It  holds  that  the  develop- 
mental history  of  the  individual  recapitulates  the  evolution- 
ar}'  history  of  the  species.  In  more  but  shorter  words,  each 
individual  is  supposed  to  go  through,  during  its  growth  and 
more  especially  during  its  early  embryonic  period,  stages 
which  resemble  various  features  characteristic  of  the  species 
which  were  its  evolutionary^  ancestors.  For  instance,  the  gill 
slits  which  are  present  for  a  short  while  in  the  early  human 
embr\^o  are  supposed  to  represent  the  fish-stage  of  our  evolu- 
tionary history.  It  is  an  h^-pothesis  rather  than  a  law,  and  in 
spite  of  much  evidence  in  its  favor  it  is  incapable  of  con- 
clusive proof,  but  biologists  delight  in  hauling  it  out,  when- 
ever opportunity^  offers,  to  see  how  it  matches  up  with  the 
facts.  As  for  the  developmental  color-changes  which  led  us 
off  on  this  side-track,  it  may  be  assumed  that  they  are  due  to 
slow  alterations  in  the  permanent  pigment  pattern,  and  not 
to  chromatophores. 

What  happened  to  chromatophores  in  the  course  of  evolu- 
tion? Why  can't  we  change  our  color?  To  be  sure,  we  get 
red  when  angr\^,  pale  when  frightened,  but  that  is  due  only 
to  the  change  in  the  amount  of  blood  in  our  surface  capil- 
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laries  just  under  our  skin.  Would  it  be  of  any  advantage  to  a 
human  being  to  be  able  to  resemble  his  background?  Hardly, 
in  the  present  state  of  civilization.  Therefore,  if  by  an  un- 
expected mutation  a  human  were  born  with  chromatophores, 
he  would  not  have  any  advantage  in  the  acquisition  of  mates 
and  the  production  of  offspring.  More  likely  the  contrary. 

If,  on  the  other  hand,  a  field-mouse  could  rapidly  change 
its  coloring  to  resemble  its  background,  it  might  conceivably 
be  of  advantage  to  it.  However,  a  field-mouse  has  a  coat  of 
hair,  which  is  dead  matter,  and  which  would  hide  chromato- 
phores in  the  living  skin  underneath.  And  there  we  have  a 
clue  to  the  absence  of  chromatophores  in  the  higher  verte- 
brates: they  have  to  be  in  living  skin  to  function,  and  the 
higher  vertebrates — including  man  up  to  the  comparatively 
recent  time  when  he  took  to  skinning  other  animals  for  his 
covering — have  hidden  the  living  skin  under  feathers  or  fur. 

There  remains  to  be  discussed  a  major  exception  to  this 
whole  chapter — a  group  of  fishes  so  different  from  all  the 
rest  that  they  absolutely  insist  on  some  attention  from  time 
to  time.  I  refer  to  the  sharks  and  rays,  known  technically 
as  the  elasmobranch  or  cartilaginous  fishes  because  they  have 
skeletons  of  cartilage,  whereas  the  composite  fish  which  we 
agreed  to  make  the  subject  of  this  book  has  a  skeleton  of 
bone  and  is  known  as  a  teleosty  or  bony  fish.  In  the  eyes  of 
zoologists  there  are  almost  as  many  differences  between  the 
cartilaginous  and  the  bony  fishes  as  there  are  between  the 
birds  and  the  reptiles. 

The  sharks  and  rays  have  no  fingernail-like  scales  em- 
bedded in  a  delicate  skin.  Instead,  they  have  a  tough,  thick 
hide  of  which  the  "scales,"  which  are  more  like  our  teeth  in 
origin  and  growth,  are  a  part.  These  harden  into  little 
"denticles,"  and  project  from  the  surface.  The  result  is  the 
roughness  of  the  familiar  "shark-skin"  which  in  some  cases 
has  such  rasp-like  qualities  that  it  is  used  in  industrial 
processes. 


CHAPTER    IV 

Framework 

THAT  the  trout  and  the  tarpon  are  considered  by  the  ich- 
thyologist low  forms  of  fish  is  a  shock  to  the  sportsman, 
who  looks  upon  them  as  among  God's  fairest  creations.  It 
must  hastily  be  added  that  the  ichthyologist's  opinion  is  in 
no  way  derogatory.  He  bases  his  judgment  on  the  structure 
of  the  animal,  not  on  its  mode  of  life  nor  its  fighting  ability 
nor  its  food  value.  He  uses  the  words  "low"  and  "primitive" 
to  denote  similarity  to  a  generalized  ancestral  type.  The 
trout  and  the  tarpon,  with  their  symmetrical  bodies  and  their 
widely  spaced  paired  fins,  have  diverged  less  than  most  liv- 
ing fish  from  the  creatures  which  are  thought  to  have  been 
the  common  ancestors  of  most  present-day  fish  and  of  all  the 
higher  land  animals. 

SKELETON 

The  essential  elements  of  the  fish  framework  are  a  skull, 
a  backbone  made  up  of  a  series  of  vertebrae,  and  two  pairs  of 
fins:  the  pectorals,  and  the  pel  vies  or  ventrals.  Allow  for  the 
transformation  of  these  paired  fins  into  limbs,  and  they  are 
the  same  elements  which  are  found  throughout  the  verte- 
brates. In  addition,  the  fish  skeleton  has  some  features  which 
are  either  omitted  or  modified  in  the  higher  animals.  It  has, 
along  the  mid-line  of  the  body,  one  or  more  dorsal  fins  on 
the  back  and  one  or  more  anal  fins  on  the  under  side,  made 
up  of  bony  or  cartilaginous  elements  unattached  to  the  rest 
of  the  skeleton.  It  has  a  caudal,  or  tail,  fin,  firmly  attached 
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to  the  end  of  the  backbone.  It  has  a  series  of  gill  arches  which 
support  the  breathing  apparatus.  In  the  higher  animals  these 
have  come  to  form  part  of  the  voice-box.  Further,  and  this  is 
one  of  the  fish's  most  noticeable  features,  it  has  no  neck.  It 
has  a  tail,  extending  from  the  caudal  fin  forward  to  the  vent, 
which  is  just  in  front  of  the  anal  fin.  It  has  a  body,  extending 
from  the  vent  to  the  gill  opening.  And  it  has  a  head,  extend- 
ing from  the  gill  opening  to  the  front  end.  It  even  has 
shoulder-blades,  strange  as  that  may  seem,  supporting  the 
pectoral  fins,  but  in  most  fish  these  attach  to  the  top  of  the 
head.  It  was  not  until,  in  the  land  animals,  the  shoulder- 
blades  moved  back  and  relinquished  their  hold  on  the  skull 
that  room  was  made  for  a  neck — a  visible  separation  between 
head  and  body. 

What  makes  the  trout  a  low  fish,  in  so  far  as  the  skeleton 
is  concerned,  is  that  the  pelvic  fins  are  located  far  behind  the 
pectorals  and  have  no  connection  with  the  rest  of  the  bony 
structure,  that  all  of  the  fins  are  made  up  of  soft  rays  with 
no  spines,  and  that  the  bones  of  the  head  are  primitive  in 
number  and  position.^ 

If  we  compare  the  skeleton  of  the  trout  with  that  of  such 
a  fish  as  the  perch — to  pick  one  low  in  the  scale  of  the  sports- 
man but  high  in  the  scale  of  the  ichthyologist — we  find  dif- 
ferences. Most  of  the  fins  have  stiff  spines  in  them  as  well  as 
soft  rays,  and  there  is  a  general  tendency  to  an  unfriendly 
spininess  all  over,  from  the  spikes  on  the  side  of  the  head 
to  the  microscopic  teeth  on  the  after-end  of  each  ctenoid 
scale.  Ichthyologists  consider  this  a  specialization  and,  there- 
fore, an  advance.  More  conspicuous,  though,  is  the  propin- 

^  The  bones  of  the  fish's  head  are  highly  sigriificant,  and  their  persistence 
and  evolution  through  the  amphibians  and  the  reptiles  to  the  birds  and 
mammals  are  extremely  interesting,  but  too  many  erudite  men  have  written 
too  many  large  books  on  the  subject  to  make  it  possible  to  treat  it  super- 
ficially, and  it  is  too  involved  to  treat  seriously  here.  Therefore,  we  shall 
say  no  more  about  it. 


Cheirolepis,  a  Palaeozoic  fish 


Coiv  sharky  a  "frimitwe^*  modem  cartilaginous  fish 


Rainboiv  trout,  a  "frimitive"  modem  bony  fish 


Yello<w  ferch,  an  "advanced'*^  modem  bony  fish 
Figure  7.  PRIMITIVE  AND  ADVANCED  FISHES 
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quity  of  the  two  pairs  of  fins.  The  pelvics  have  moved  for- 
ward until  they  are  under  the  pectorals,  and  the  pelvis, 
which  corresponds  to  our  hip,  fastens  them  to  the  cleithrum, 
which  corresponds  to  our  shoulder.  To  have  your  shoulders 
resting  on  your  hips,  and  the  attachment  of  your  legs  almost 
under  your  ears,  is  an  ichthyologist's  idea  of  the  way  to 
change  from  a  lower  to  a  higher  form. 

To  be  fair  to  the  ichthyologist,  it  must  be  repeated  that 
when  he  says  low  he  means  primitive,  and  when  he  says 
primitive  he  means  unspecialized.  The  trout  is  so  unspecial- 
ized  that  it  could  conceivably  be  transformed  into  a  land 
animal  J  in  fact,  the  earliest  fossil  animal  which  walked  on 
land  had  its  hind  legs  where  the  trout's  pelvic  fins  are,  its 
hips  did  not  fasten  to  its  backbone,  any  more  than  the  trout's 
do,  and  its  shoulder-blades  were  fastened  to  the  top  of  its 
skull,  just  as  the  trout's  are.  Further,  the  trout's  air-bladder, 
which  we  shall  consider  more  in  detail  later  on,  opens  into 
its  throat,  even  as  lungs  do. 

The  perch,  on  the  other  hand,  with  all  its  potential  limbs 
huddled  against  its  head,  and  with  the  opening  from  the  air- 
bladder  to  the  throat  lost,  is  in  a  blind  alley  of  the  evolu- 
tionary highway.  It  is  so  specialized  that  it  can  never  be 
anything  but  a  fish,  so  advanced  that  it  can  never  advance  to 
anything  but  a  more  advanced  fish.  And  this  holds  true  of 
the  bass  and  the  tuna  and  the  other  advanced  fishes,  up  to 
and  including  those  which,  like  the  frogfish  with  its  pelvic 
fins  up  in  front  of  its  pectorals,  are  so  advanced  that  even 
the  ichthyologist  considers  them  degenerate  (Figure  9). 

And  it  is  of  interest  to  note  that  while  some  of  the  fish- 
fancier's  favorites  are  in  the  advanced  category,  like  the 
bettas,  the  gouramis,  the  scalares,  and  the  rest  of  the  cichlids, 
the  majority  rank  lower  in  the  scale:  for  characins,  danios, 
barbs,  guppies,  swordtails,  and  platies  are  all  among  the 
more  primitive  fish. 
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How  is  it  that  we  can  catch  a  twenty-pound  salmon  on  a 
leader  of  only  five  pounds'  breaking  strength?  We  all  know 
that  it  is  because,  as  long  as  our  fish  is  in  the  water,  prac- 
tically all  of  that  twenty  pounds  is  supported  by  the  water. 
If  he  tries  to  use  his  muscular  energy  to  bring  a  greater 
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From  David  Starr  Jordan,  FisheSy  by  permission  of  D.  Appleton-Century 

Company. 

strain  on  the  tackle,  we  let  him  run,  and  when  he  is  finally 
brought  to  the  shore,  we  do  not  try  to  lift  him  out  of  the 
water  by  means  of  that  leader,  but  use  a  gaff  or  a  net. 

Most  of  us  never  stop  to  think  what  this  means  to  the 
fish  in  terms  of  efficiency,  of  economy  of  effort.  We  our- 
selves are  engaged  in  a  constant  struggle  with  the  force  of 
gravity.  When  we  go  upstairs  or  climb  a  hill,  we  have  to 
lift  our  whole  weight.  Even  when  we  walk  along  the  level, 
every  step  we  take  means  lifting  that  weight  a  fraction  of  a 
foot  and  letting  it  down  again.  And  when  we  fall,  we  come 
down   with   a  teeth-rattling  crash   that   seems   totally  out 
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of  proportion  with  the  short  distance  involved.  Whoever 
thought  up  the  force  of  gravity  was  a  pretty  clever  fellow, 
but  he  went  too  far.  It  looks  as  if  half,  or  even  a  quarter,  of 
its  present  power  would  have  been  sufficient  to  keep  us  from 
flying  off  the  earth  into  space,  without  being  a  constant 
nuisance  to  us. 

The  fish  is  more  fortunate  than  we.  The  element  in  which 
he  lives,  water,  has  a  specific  gravity  almost  the  same  as  that 
of  his  own  body.  This  means  that  his  weight  is  held  up  by  the 
water,  and  that  it  requires  no  effort  on  his  part  to  support 
himself.  To  be  definite,  a  twenty-pound  fish,  even  if  he  is 
all  lean  and  no  fat — and  most  fish  do  have  a  certain  amount 
of  fat  and  other  buoyant  auxiliaries — weighs  only  about  one 
pound  in  salt  water.  If  he  wants  to  go  up,  all  he  has  to  lift 
is  one  pound.  All  the  rest  of  his  energy  is  free  to  use  in  other 
ways.  It  is  as  if  a  150-pound  man  were  to  find  his  weight 
suddenly  reduced  to  7/4  pounds.  If  you  can  imagine  how 
fast  this  man  could  run  or  how  high  he  could  jump,  you  get 
some  idea  of  how  easy  it  is  for  the  fish  to  move  about.  To  go 
straight  upwards,  as  you  do  when  you  pull  yourself  up  a 
rope  hand  over  hand,  is  no  harder  for  our  fish  than  it  is  for 
you  to  lift  a  7H-pound  brief-case.  And  if  we  abandon  our 
lean  fish  in  favor  of  the  many  kinds,  of  which  the  salmon 
is  one,  whose  specific  gravity  is  just  about  equal  to  water's, 
no  energy  at  all  is  devoted  to  weight-lifting.  All  he  has  to 
overcome  is  the  resistance  of  the  water,  and  in  this  he  has  the 
help  of  the  original,  and  still  the  best,  stream-lined  body. 

Now,  while  this  is  all  very  nice  for  the  fish,  it  has,  in  the 
long  run,  been  a  bad  thing  for  us.  The  fish's  body  being  sup- 
ported on  all  sides  by  the  medium  in  which  it  lived,  all  it 
needed  in  the  way  of  a  skeleton  was  something  to  keep  it 
stiff  while  it  cleaved  the  water,  and  something  for  its  muscles 
to  pull  against.  The  fins  had  no  work  to  do  in  the  way  of 
holding  the  body  up,  and  it  was  not  necessary  for  them  to 
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be  attached  to  the  principal  element  of  the  skeleton,  the 
backbone.  As  we  have  seen,  the  pectoral  fins  did  come  to  be 
fastened  to  the  skull,  but  that  was  perhaps  as  much  due  to 
the  requirements  of  the  gill  apparatus,  of  which  their  sup- 
porting bones  formed  the  rear  end,  as  to  anything  else.  The 
ventral  fins  in  all  the  primitive  fishes,  including  those  still 
alive  today  like  the  tarpon  and  the  salmon  family,  had  no 
connection  with  the  backbone.  They  were  attached  to  pieces 
of  cartilage  or  bone,  and  these  pieces  reposed  without  sup- 
port in  the  flesh  of  the  body. 

When  the  fish  came  up  out  of  the  water  and  turned  itself 
into  a  land  animal,  the  paired  fins,  which  had  been  of  no 
great  importance  to  it,  turned  into  limbs,  and  became  ex- 
tremely important.  Some  method  had  to  be  found  by  which 
they  could  be  made  to  support  the  body,  and  to  do  this  it 
was  obviously  necessary  to  attach  them  to  the  main  element 
of  the  skeleton.  At  the  front  end  this  was  accomplished  very 
cleverly.  In  quadrupeds  the  front  end,  with  its  weighty, 
overhanging  head  and  its  ribs  for  the  protection  of  the  lungs 
and  heart,  is  the  heavier  and  needs  the  most  support.  Using 
the  old  bones  which  had  braced  the  pectoral  fins,  a  kind  of 
cradle  was  devised,  itself  resting  on  good  solid  bearings  on 
the  front  legs,  from  which  the  heavy  weight  was  slung  by 
means  of  more  or  less  elastic  connections.  The  shoulder-blade 
and  its  dependent  muscles  and  ligaments  are  the  principal 
elements  in  this  arrangement,  and  the  whole  thing  is  flexible, 
so  that  the  shocks  received  on  the  front  feet  when  running 
or  jumping  do  not  jar  the  whole  body. 

The  rear  end  was  a  tougher  problem.  Here  there  was 
no  existing  connection,  and  in  the  very  earliest  land  animal, 
an  amphibian  known  only  through  fossils,  the  fish  system 
still  prevailed,  and  the  hind  limbs  were  not  attached  to  the 
backbone  at  all.  It  soon  became  obvious  that  that  was  not 
going  to  be  satisfactory,  and  a  new  system  was  designed.  A 
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number  of  the  vertebrae,  the  joints  of  the  backbone,  were 
fused  or  consolidated  into  a  single  piece.  This  is  called  the 
sacrum.  Against  that,  on  each  side,  was  placed  a  bone  called 
the  ilium-y  and  each  ilium  had  on  its  under  side  a  nicely  made 
bearing  surface  for  the  upper  end  of  the  hind  leg.  The 
whole  thing  was,  theoretically  at  least,  rigid,  and  the  system 
of  having  the  animal  take  off  from  a  rigid  hind  end  in 
which  no  power  was  lost,  and  land  on  a  flexible  front  end 
which  took  up  the  shocks,  was  mechanically  excellent. 

The  weak  spot  in  it  was  the  articulation  between  the 
sacrum  and  the  ilium,  the  now  notorious  sacro-iliac  joint.  The 
sacrum  does  not  rest  on  the  two  ilia,  it  merely  rests  between 
them,  and  the  principal  factor  in  holding  the  whole  business 
together  is  friction.  Now,  an  animal  that  walks  on  four  feet, 
with  most  of  the  weight  on  the  two  front  ones,  can  get  along 
this  way  all  right,  but  when  he  tries  to  stand  up  on  the  two 
hind  ones,  all  the  weight  comes  on  that  joint,  and  all  the 
shocks  are  received  by  it.  The  supposedly  rigid  mechanism, 
being  after  all  a  "hand-me-down,"  sometimes  shifts  under 
the  strain.  And  when  you  or  your  friend  turns  up  in  the 
doctor's  office  with  a  sacro-iliac  sprain,  you  can  blame  the 
fish,  for  it  was  his  failure  to  provide  a  proper  connection 
between  his  pelvic  fins  and  his  backbone  which  is  at  the 
bottom  of  the  trouble. 
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The  fish's  face  is  one  of  its  notoriously  weak  features. 
Even  allowing  for  the  fact  that  it  was  the  first  real  face  ever 
attempted,  little  more  can  be  said  for  it  than  that  the  mouth, 
nose,  eyes,  and  forehead — if  such  it  can  be  called — are  in 
the  proper  order.  It  is  of  no  use  for  frowning  or  smiling  5 
if  the  fish  could  do  these  things,  it  would  receive  a  great 
deal  more  sympathy  than  it  does. 

The  reason  that  it  cannot  is  that  it  has  no  facial  muscles. 
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It  can  open  and  shut  its  gill  covers.  It  can  open  and  shut  its 
jaws,  and  some  fishes  can  protrude  the  upper  lip  in  a  startling 
but  not  particularly  endearing  fashion.  There  are  muscles  to 
perform  these  operations.  There  are  also  muscles  to  move 
the  various  fins.  All  of  these  muscles,  however,  are  compara- 
tively insignificant.  Both  in  bulk  and  in  strength,  they  are 
as  nothing  compared  to  the  great  mass  which  forms  the 
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Drawn  from  a  model  by  Dr.  W.  K.  Gregory  in  the  American  Museum 
of  Natural  History. 

main  part  of  the  fish's  muscular  system.  This  is  the  series 
of  W-shaped  segments  adjoining  and  fitting  into  one  another 
along  the  whole  length  of  each  side  of  the  body,  which  form 
the  part  of  the  fish  which  you  eat.  You  can  verify  this  struc- 
ture the  next  time  a  whole  fish  is  served  to  you  by  stripping 
off  the  skin  and  examining  the  meat. 

The  fish's  principal  motive  force  is  concentrated  in  this 
compact  mass  in  the  body  wall,  and  each  muscle  is  limited 
in  its  action  to  the  region  immediately  surrounding  it.  In  the 
higher  animals,  including  ourselves,  the  situation  is  very 
different.  The  body  wall  plays  practically  no  part  in  move- 
ment. The  principal  motive  force  is  decentralized.  It  is 
broken  up  into  separate  units,  the  long  muscles  of  the  limbs. 
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And  these  muscles,  instead  of  being  limited  in  their  action 
to  their  immediate  surroundings,  have  developed  a  system 
of  long,  non-muscular  tendons  by  means  of  which  their  force 
can  be  brought  into  play  at  points  remote  from  their  own 
location.  When  you  lift  your  heels  off  the  ground  and  stand 
on  the  balls  of  your  feet,  it  is  the  muscles  well  up  in  the 
calves  of  your  legs  which  are  doing  the  work,  as  you  can 
determine  by  feeling  them.  Nothing  like  this  takes  place  in 
the  fish. 

Furthermore,  in  us,  every  muscle  is  different  from  every 
other  muscle,  except  for  its  counterpart  on  the  other  side  of 
the  body.  Efficiency  and  power  have  been  achieved  by  a  high 
degree  of  specialization.  At  the  time  that  the  fish  was  being 
designed,  this  idea  had  no  currency,  and  the  only  way  to 
achieve  greater  power  was  to  keep  on  adding  more  of  the 
same  thing.  The  fish  is  confined  to  a  few  elements,  used 
over  and  over  again — the  muscle  segment,  the  fin-ray  or 
spine,  the  vertebra — whereas  we  have  many  elements,  each 
designed  for  a  special  purpose,  and  each  used  only  once. 
Some  units  are,  it  is  true,  repeated,  like  the  fingers  and  the 
ribs,  but  they  differ  from  each  other,  and  even  our  vertebrae 
change  their  shape  from  one  part  of  the  backbone  to  another. 
Progress  has  consisted  in  reduction  of  numbers  and  in 
specialization. 

The  great  mass  of  potential  motive  force  being  located 
in  the  body,  and  not  in  the  fins,  how  does  the  fish  move? 
Mainly  by  body  strokes,  alternately  to  the  right  and  left. 
The  muscle  segments  contract  in  succession,  first  along  one 
side  and  then  along  the  other,  and  the  fish  pushes  against 
the  water  first  on  one  side  and  then  on  the  other,  somewhat 
in  the  way  a  skater  pushes  against  the  ice.  No  one  who  has 
ever  watched  a  fish  move  at  full  speed  will  forget  that  vio- 
lent side-to-side  swinging  of  the  body,  culminating  in  the 
wide  sweep  of  the  tail  fin.  It  is  in  contrast  to  the  apparent 
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effortlessness  with  which  a  porpoise  coasts  along  in  front 
of  a  ship.  The  reason  for  this  is  that,  while  the  porpoise 
swims  on  much  the  same  principle,  his  movements  are  in 
the  up-and-down,  instead  of  in  the  side-to-side,  plane,  and 
therefore  cannot  be  seen  as  we  look  down  on  him  from  the 
bow  of  a  steamer.  They  become  apparent  only  when  an  extra 
wide  move  brings  him  up  out  of  the  water  entirely.  The 
porpoise  being  a  mammal  which  has  readapted  itself  to  the 
water  and  having  different  body  musculature  from  the  fish, 
it  has  found  the  vertical  motion  preferable  to  the  horizontal 
and  more  useful  in  giving  it  access  to  the  air  which  it  has  to 
breathe. 

The  amazing  part  of  the  whole  phenomenon  of  readapta- 
tion  is  that  this  land  animal,  which  has  had  to  learn  to 
swim,  is  a  better  swimmer  than  most  fish.  It  slips  through, 
and  in  and  out  of,  the  waves  like  a  shadow,  and  it  has  been 
estimated  to  make  over  thirty  miles  an  hour.  The  salmon's 
speed  has  been  variously  estimated  at  from  seven  to  four- 
teen miles  per  hour,  and  the  top  for  fish  at  about  thirty,  in 
the  tunas.^  This  "typical"  fish  with  the  "ideal"  shape  has 
grooves  in  its  body  surface  into  which  the  fins  can  be  re- 
tracted while  swimming  so  that  they  will  offer  less  resistance 
to  the  water,  and  its  form  is  the  last  word  in  stream-lining, 
while  its  wide,  deeply  forked  tail  fin  fastened  to  the  body 
by  the  narrow  "caudal  peduncle"  is  another  indication  of 
speed.  Man  himself,  in  the  person  of  a  champion  athlete 
running  one  hundred  yards,  can  make  only  about  twenty 
miles  per  hour.  The  horse  can  double  this,  the  antelope 
triple  it,  and  some  birds  have  been  estimated  to  do  better 
than  a  hundred  miles  an  hourj  but  in  view  of  the  heavy 

^  It  is  difficult  to  measure  the  speed  of  wild  animals  with  any  degree  of 
accuracy.  Sixty  miles  an  hour  has  been  attributed,  although  without 
substantiating  evidence,  to  that  distant  relative  of  the  tunas,  the  sailfish. 
To  place  the  maximum  for  fish  at  thirty  is  therefore  conservative. 
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medium  through  which  he  has  to  push  himself,  and  of  the 
fact  that  amphibians  and  reptiles,  which  are  looked  on  as 
higher  animals,  cannot  go  as  fast,  thirty  miles  an  hour  is  not 
so  bad  for  the  poor  fish  after  all. 

It  was  formerly  held  that  the  caudal  fin,  at  the  end  of  the 
fish's  tail,  was  its  most  important  instrument  in  swimming. 
The  idea  seemed  plausible,  and  was  for  a  long  time  accepted 
by  many  people.  Then  there  came  a  man  who  wondered. 
He  took  two  identical  fish.  From  one  he  amputated  the 
caudal  fin.  This  may  sound  like  a  serious  operation,  but  it  is 
in  reality  very  simple,  for  fishes'  fins  do  not  bleed,  and  all 
that  is  necessary  is  to  take  a  pair  of  scissors  and  trim  off  the 
undesired  part,  just  as  you  trim  excess  material  off  a  piece 
of  cloth.  He  placed  them  both,  the  fish  with  and  the  fish 
without  a  tail  fin,  at  one  end  of  a  tank,  and  slapped  the  tank 
sharply  with  his  hand  to  frighten  them.  Both  scurried  off 
for  all  they  were  worth,  and  they  reached  the  other  end  of 
the  tank  at  precisely  the  same  instant.  The  caudal  fin  may 
make  it  easier  for  the  fish  to  swim,  but  it  is  the  muscular 
action  of  the  body  which  really  accomplishes  the  result. 

To  determine  the  importance  of  the  other  fins,  he  carried 
out  similar  experiments.  It  had  been  stated  that  the  dorsal 
and  anal  act  as  keels,  to  keep  the  fish  straight  up.  He  cut 
off  both  of  these,  and  found  that  while  the  fish  rolled  a 
little  at  first,  it  soon  learned  to  get  on  without  them.  He  then 
cut  all  the  fins  off,  and  found  that  even  in  that  denuded 
state  the  fish  could  navigate.  He  did  find,  though,  that  the 
pectorals  and  ventrals  play  a  part  in  maneuvering.  In  straight 
swimming  they  are  folded  back;  when  the  fish  wants  to  make 
a  quick  stop,  it  opens  them  out,  and  they  act  as  brakes.  When 
it  wants  to  turn,  it  uses  them  on  one  side  or  the  other  as 
rudders  or  pivots.  The  primitive  fish,  like  the  salmons  and 
the  tarpon,  have  not  much  control  over  the  brakes.  They 
are  apt  to  swerve  aside  to  avoid  an  object,  instead  of  coming 
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to  a  stop,  and  they  cannot  back  water  very  successfully.  The 
advanced  fishes,  like  the  black  bass  and  the  striped  bass, 
have  more  flexible  fins,  and  the  position  of  the  ventrals  up 
forward  under  the  pectorals  makes  them  of  more  use  in 
maneuvering.  It  is  easy  to  see  that  by  thrusting  one  ventral 
straight  down  and  giving  a  flip  of  its  tail,  the  bass  can  spin 
around  as  if  it  were  on  a  pivot.  Trout  spend  a  great  deal  of 
their  time  heading  in  one  direction,  upstream,  and  most 
things  come  at  them  from  the  direction  in  which  they  are 
headed,  whereas  bass  live  in  quieter  water,  swim  in  all  di- 
rections, and  have  to  be  ready  to  spin  around  to  any  point 
of  the  compass  to  confront  enemies  or  food.  However,  this 
line  of  thought  should  not  be  carried  too  far.  The  trout, 
fishermen  will  agree,  can  turn  around  quickly  enough  if  it 
has  to,  whereas  the  shark,  with  no  directional  influences  in 
its  life,  is  a  pretty  lumbering  maneuverer. 

And  in  the  delicate  movements  whose  precision  fascinates 
us,  the  fins  play  the  major  r51e.  No  one  who  has  ever 
watched  fishes  can  help  being  aware  of  the  fact  that  they 
have  a  control  of  their  own  bodies  in  their  own  element 
unequaled  by  any  other  animal.  Birds  are  the  nearest  ap- 
proach, with  their  ability  to  fly  and  to  soar,  but  the  fish  is 
their  master.  He  can  move  imperceptibly  forward  a  fraction 
of  an  inch,  or  shoot  forward  from  a  standing  start  with  light- 
ning speed.  He  can  go  straight  up  and  straight  down.  He 
can  go  backward.  He  can  even  remain  suspended  absolutely 
motionless  in  the  water  for  an  indefinite  length  of  time,  and 
while  this  stationary  position  depends  upon  the  equilibrium 
between  the  fish  and  the  water  which  we  spoke  of  earlier,  it 
also  calls  the  fins  into  play.  For  the  fish  must  breathe,  and 
his  method  of  breathing  is  to  pass  water  backward  over  the 
gills  and  out  through  the  gill  openings.  This  backwardly 
directed  current  tends  to  move  him  forward,  and  must  in 
most  cases  be  counteracted  by  backing  water  with  the  fins. 
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It  is  obvious  that  if  this  gill-current  is  an  obstacle  when 
the  fish  wants  to  stand  still,  it  can  be  an  advantage  when  he 
wants  to  move.  The  flounders  and  the  other  flatfishes  spend 
much  time  lying  on  the  bottom  on  one  side,  which  brings 
one  gill  underneath.  One  might  think  that  this  would  be  a 
drawback  in  breathing,  but  they  turn  it  to  advantage.  If 
they  breathed  through  the  upper  gill,  its  movement  might 
betray  their  presence,  thus  nullifying  all  the  hard  work  of 
the  chromatophores  to  conceal  them  with  protective  colora- 
tion. They  get  around  this  by  breathing  through  the  hidden 
lower  gill  only.  They  arch  the  body  slightly  along  the  mid- 
line, and  the  outgoing  current  of  water  passes  along  this 
tunnel  between  the  body  and  the  ground,  and  so  out  past 
the  tail.  Further,  and  this  is  the  part  which  has  to  do  with 
locomotion,  when  they  want  to  move  in  a  hurry,  they  shoot 
a  quick  jet  of  water  out  through  the  under  gill  with  such 
force  that  it  lifts  them  right  off  the  bottom  and  starts  them 
on  their  way.  This  jet  propulsion  is  probably  used  by  many 
fishes  in  making  a  quick  start.  There  is  also  a  theory  that  in 
their  normal  swimming  fishes  make  use  of  this  current  from 
the  gills,  not  so  much  for  its  propulsive  force  as  for  the  effect 
which  a  stream  of  water  along  the  sides  has  in  reducing 
friction  and  cavitation.  Interesting  arguments  are  advanced 
to  support  it,  but  insufficient  experimental  evidence.  It  still 
remains  a  theory. 

All  that  we  have  said  so  far  about  locomotion  is  true  of 
the  great  majority  of  fishes,  but  there  are  some  exceptions 
which  make  little  or  no  use  of  the  body  movement  for  loco- 
motion. The  brilliant  parrot-fish  of  tropical  waters,  with  its 
large,  thick  scales,  rows  itself  along  with  its  pectoral  fins. 
The  trunk-fish,  with  its  body  encased  in  immovable  armor, 
has  to  depend  on  the  sculling  movement  of  its  free  caudal 
fin,  with  some  help  from  its  pectorals.  And  the  little  sea- 
horse progresses  through  the  water  standing  on  its  tail,  pro- 
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pelled  mainly  by  its  dorsal  fin,  which  waves  so  fast  that  it 
looks  like  a  whirling  propeller. 

The  conclusion  which  we  cannot  escape  as  the  result  of  all 
this  discussion  is  the  one  which  we  touched  on  earlier,  that 
fins  are  not  indispensable  to  most  fish.  The  ventrals  give  the 
secret  away;  the  manner  in  which  they  shift  about  from  one 
part  of  the  body  to  another,  and  vanish  entirely  in  some 
species,  is  clear  proof  that  the  fish  does  not  know  what  to  do 
with  them.  Here  is  where  those  who  believe  in  a  wise  and 
far-seeing  and  all-providing  directing  Force  have  an  oppor- 
tunity for  propaganda.  The  fish  can  get  along  without  fins, 
but  the  mammal  cannot  get  along  without  limbs.  Why,  then, 
was  the  fish  given  fins,  unless  it  was  prearranged  In  the 
master  plan  that  he  should  some  day  come  out  on  land  and 
use  them  to  walk  with? 

It  is  a  good  argument.  Its  supporters  may  be  right,  and 
certainly  no  one  is  in  a  position  to  go  so  far  as  to  state  flatly 
that  they  are  wrong.  However,  anyone  wishing  to  give  con- 
sideration to  the  other  side  might  point  out  that  not  much 
foresight  was  shown  in  making  preparations  for  that  sacro- 
iliac joint.  He  might  suggest  that  perhaps  it  was  because  the 
fish  had  fins  that  it  was  able  to  become  a  quadruped,  rather 
than  that  it  was  given  fins  in  order  to  become  a  quadruped. 
He  might  ask  what  part,  if  fins  were  given  fish  in  prepara- 
tion for  quadruped  use,  the  dorsal  and  anal  played  in  the 
plan.  And  this  would  bring  him  to  the  fin-fold  theory,  which 
holds  that  fins  came  into  being  solely  through  the  action  of 
the  environment  on  the  material.  It  holds  that  the  earliest 
fishlike  creatures  had  no  fins,  but  that,  as  they  moved  about, 
the  flow  of  the  water  against  their  soft  bodies  pressed  out 
ridges  or  keels  along  their  upper  and  lower  surfaces.  One 
ingenious  experimenter  has  taken  a  penholder,  coated  it  with 
soft  wax,  and  by  moving  it  back  and  forth  in  the  water  pro- 
duced just  such  "fin-folds."  According  to  the  theory,  the 
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fold  would  run  without  interruption  along  the  back  to  the 
end  of  the  tail,  and  on  the  under  side  would  extend  forward 
as  long  as  the  cross-section  of  the  body  remained  an  elon- 
gated  oval,   like   this. 


But  at  the  point  where  the  cross-section  changed,  as  it  is 
supposed  to  have  done  in  some  of  the  earlier  fishes  and  still 
does  in  the  sharks,  to  triangular  in  the  forward  part  of  the 
body,  the  lower  fin-fold  split  up  into  parts  and  followed 
along  the  angles,  like  this. 


Once  these  hypotheses  are  accepted,  the  rest  is  easy.  The 
fin-fold,  originally  continuous,  disappeared  in  spots,  and  the 
fragments  of  it  which  remained  became  the  dorsal,  caudal, 
anal,  ventral,  and  pectoral  fins. 

Anyone  who  objects  that  it  is  preposterous  to  build  a 
theory  on  the  evidence  of  a  penholder  coated  with  wax  will 
be  referred  to  two  of  science's  favorite  sources  of  informa- 
tion about  the  past:  fossils  and  the  biogenetic  law.  For  the 
remains  of  the  very  early  fishes  do  suggest  that  something 
like  this  happened.  And  our  infant  trout,  and  other  fishes  of 
today,  do  come  into  the  world  bearing  along  their  back  a 
continuous  fin-fold,  which  extends  around  their  tail  and 
along  their  under  side  as  far  as  the  ventj  and  parts  of  this 
fin-fold  do  disappear,  and  the  remaining  fragments  do  be- 
come the  dorsal,  caudal,  and  anal  fins.  Interpreted  by  the 
biogenetic  law,  this  corroborates  the  fossil  evidence  that  the 
remote  ancestors  of  the  trout  did  once  wear  a  continuous 
fin-fold  throughout  life,  and  that  only  through  the  processes 
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of  evolution  did  it  break  up  into  separate  fins.  On  the  other 
hand — and  there  is  always  an  "other  hand" — some  palaeon- 
tologists point  to  the  fact  that  the  fossil  spiny  "sharks"  had 
paired  lateral  spines,  acting  apparently  as  stabilizers,  and 
maintain  that  these  were  the  forerunners  of  paired  fins. 

There  remain  for  consideration  the  sharks  and  rays.  They 
cannot  be  passed  over,  especially  in  any  discussion  of  frame- 


Hyfothetical  early  fish 


Present-day  trout  fry  shortly  after  Jiatching 
Figure  ii.  THE  FIN-FOLD  THEORY 


works,  for  it  is  in  this  very  feature  that  they  reveal  them- 
selves at  their  most  primitive.  A  mere  glance  at  a  shark 
(Figure  7)  ought  to  be  enough  to  indicate  this  to  anyone 
who  has  read  this  far:  the  ventral  fins,  back  near  the  middle 
of  the  body,  are  enough  to  give  him  away.  In  addition,  the 
shape  of  the  tail,  drawn  out  to  a  high  point,  with  a  big  fin- 
lobe  on  the  under  side,  is  a  very  primitive  feature.  It  is 
called  a  heterocercal  tail,  in  case  you  would  like  to  know, 
whereas  the  symmetrical-looking  tail  of  the  trout  and  the 
bass  and  the  characin  and  the  danio  is  called  homocercal. 

But  the  supreme  difference  between  the  sharks  and  rays, 
and  the  other  fish,  can  only  be  told  by  going  into  them  with 
a  knife.  Take  a  shark's  skull,  and  you  can  whittle  it  like  a 
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piece  of  wood,  for  it  is  just  one  big  block  of  cartilage. 
Take  a  tuna's  skull,  and  the  most  you  can  do  is  to  knock 
chips  off  it  with  a  chisel,  for  it  is  composed  of  bones,  with 
visible  joints  or  sutures  between  them.  The  sharks  and  rays 
haven't  a  bone  in  their  bodies — nothing  but  cartilage  all  the 
way  through.  Whether  this  is  a  truly  primitive  condition 
in  the  sense  that  they  were  that  way  originally  and  never 
made  any  improvements,  or  whether  it  is  a  degenerate  con- 
dition to  which  they  have  come  after  once  having  had  bone, 
is  still  undecided  by  scientists,  although  at  present  the  verdict 
favors  the  latter  theory. 

There  are  minor  differences  in  the  structure,  such  as  in 
the  gill  slits  and  the  fin  construction,  but  the  general  ar- 
rangements of  the  skeleton  and  the  muscular  system  are  so 
close  to  those  of  the  bony  fishes  that  nothing  more  need  be 
said  about  them  here. 


CHAPTER    V 

The  Senses  and  the  Nervous  System 

ALL  animals  except  the  very  lowest  have  nervous  systems. 
In  all,  the  principal  elements  are  the  same.  There  are  sense- 
organs,  which  receive  impressions  from  the  outside  world. 
There  are  nerves,  over  which  the  sense-organs  send  reports. 
There  is  a  center,  or  group  of  centers — brain,  spinal  cord, 
ganglia— which  receive  these  reports.  And  there  are  other 
nerves  over  which  the  centers  send  instructions  to  the  muscles 
as  to  what  action  to  take. 

THE   SENSES 

It  is  the  popular  conception  that  man  has  five  senses.  This, 
like  many  other  popular  conceptions,  is  not  true.  It  is  based 
on  the  fact  that  man  has  only  five  clearly  visible  sense-organs: 
eyes,  ears,  skin,  mouth,  and  nose.  But  in  addition  to  the  popu- 
lar five  senses  of  sight,  hearing,  touch,  taste,  and  smell,  he 
has  at  least  four  others:  a  sense  of  equilibrium,  which  keeps 
him  right  side  up  and  going  straight  j  of  "kinesthesia,"  which 
tells  him  whether  his  hand  is  at  his  side  or  above  his  head; 
of  heat  and  coldj  and  of  pain.  These  four  senses  are  not 
generally  recognized,  partly  because  they  seem  to  act  through 
the  organs  provided  for  the  other  senses  instead  of  through 
organs  of  their  own,  and  partly  because  they  act  so  auto- 
matically that  we  are  unaware  of  them. 

If  fish  had  reached  the  same  level  of  mental  development 
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that  we  have,  it  would  be  their  popular  conception  that  they 
have  six  senses.  For  in  addition  to  our  five  traditional  sense- 
organs,  which  we  inherit  from  them,  they  have  a  sixth,  the 
lateral  line.  What  appears  to  us  to  be  just  a  pleasantly  orna- 
mental stripe  running  along  the  side  of  the  fish  from  gills  to 
tail,  and  carrying  out  the  stream-lining  in  much  the  same 
way  that  the  body-stripe  does  on  a  modern  automobile,  is 
in  reality  a  distinct  and  extremely  important  sense-organ. 

How  many  of  the  four  additional  senses  mentioned  above 
are  possessed  by  the  fish  is  one  of  those  questions  which 
science  will  probably  never  be  able  to  answer  fully,  for  it  is 
obviously  impossible  to  know  fully  what  the  fish's  sensations 
are.  And  this  applies  to  all  his  senses,  even  to  those  whose 
workings  we  understand  best,  such  as  sight.  What  another 
human  being  sees  we  can  tell  with  some  assurance  from  what 
he  says.  What  a  dog  sees  we  can  imagine  from  his  reactions, 
which,  from  his  closeness  to  us,  we  assume  to  have  the  same 
significance  as  our  own.  But  what  a  fish  sees,  in  a  different 
medium,  with  different  reactions,  and  with  an  optical  ap- 
paratus differently  constructed  from  our  own,  is  not  an  easy 
problem.  It  is  regrettable  that  no  one,  even  with  the  best 
intentions,  has  ever  succeeded  in  turning  himself  into  a  fish. 

SIGHT 

The  fish  has  two  eyes,  even  as  you  and  I.  From  this  we 
permit  ourselves  to  conclude,  without  further  argument, 
that  the  fish  sees.  From  an  analysis  of  his  actions  and  an 
examination  of  his  brain,  we  conclude  that  eyes  are  to  him, 
or  at  least  to  such  of  him  as  we  are  most  interested  in,  the 
most  important  of  the  sense-organs,  even  as  they  are  to  us. 
But  when  we  come  to  trying  to  find  out  what  his  eyes  see  we 
cannot  go  so  fast. 
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We  find  ourselves  confronted  with  two  difficulties.  The 
first  is  of  an  objective  nature.  It  has  to  do,  not  with  what 
the  fish  is  capable  of  seeing,  but  with  what  there  is  to  be 
seen.  To  put  it  in  one  sentence,  what  is  visible  to  the 
fish? 

As  long  as  we  remain  under  water  there  is  no  difficulty. 
Under  water,  visibility  is  not  as  good  as  in  the  air,  but  similar 


Diagram  A 


Diagram  Ai 


in  its  workings.  Things  cannot  be  seen  at  so  great  a  distance, 
and  darkness  increases  with  depth,  but  there  is  no  distortion. 
Light  does  not  travel  as  fast  or  as  far  as  in  the  air,  but,  as 
long  as  it  remains  under  water,  it  does  travel  in  a  straight 
line. 

It  is  when  it  comes  out  of  the  water  into  the  air,  or  when 
it  goes  from  air  into  water,  that  light  gets  into  trouble,  for 
then  it  meets  with  the  phenomenon  known  as  refraction,  and 
gets  bent.  This  is  the  old  trick  of  the  soap  not  being  where 
it  appeared  to  be  through  the  water  in  the  bathtub,  which 
used  to  fascinate  us  in  our  childhood  days  before  both  bath- 
tubs and  the  mysteries  of  nature  became  commonplaces. 

It  is  to  be  noted  that  it  is  the  light  passing  from  the  soap 
to  our  eye,  and  not  from  our  eye  to  the  soap,  by  which  we  see 
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the  soap  (Diagram  A).  If  S  is  the  soap  on  the  bottom  of  the 
tub,  the  ray  of  light  from  S  is  bent  as  it  comes  out  of  the 
water  at  X  and  goes  in  the  direction  XE  to  reach  our  eye  at 
E.  Now,  as  we  are  accustomed  to  objects  being  in  line  with 
the  path  over  which  the  light  from  them  reaches  us,  the  soap 
seems  to  us  to  be  along  the  prolongation  of  the  line  EX, 
and  as  the  effect  of  the  water  is  also  to  make  it  slightly 
nearer  to  us,  our  eye  sees  the  soap  at  S',  on  the  line  EXS', 
instead  of  at  S.  The  only  exception  is  that  if  we  look  directly 
down,  as  in  Diagram  Ai,  the  soap  is  actually  on  the  line  of 
sight  that  it  appears  to  be,  for  what  is  called  the  "normal" 
ray  of  light,  that  is,  the  ray  whose  path  is  at  right  angles  to 
the  surface,  is  not  bent  at  all. 

It  is  this  principle  of  refraction  which  serves  as  the  basis 
of  operation  of  all  lenses,  whether  for  magnifying-glass  or 
spectacles  or  telescope  or  microscope  or  eye.  It  is  a  matter 
which  we  shall  not  try  to  penetrate  for  fear  of  becoming 
bogged  in  the  laws  and  mathematics  of  optics,  but  over  whose 
surface  we  shall  skim  in  order  to  get  an  understanding  of 
what  the  fish  is  up  against. 

If  the  fish  never  tries  to  see  outside  its  own  element,  its 
life  is  simple.  The  swordfish  passes  its  life  in  the  open  sea, 
finds  its  food  beneath  the  waters,  and  probably  takes  no  in- 
terest in  what  goes  on  outside.  On  the  contrary,  the  basses 
and  the  trouts  and  the  salmons  spend  a  large  part  of  their 
time  near  the  shore,  in  shallow  water,  and  have  to  look  be- 
yond the  surface  for  both  food  and  enemies.  And  when  they 
do  that,  the  lines  of  vision  get  bent,  and  things  are  no  longer 
what  they  seem.  Fish  can  see  a  man  on  the  bank  when,  if 
man  and  fish  were  both  in  the  air,  the  man  would  be  hidden 
by  the  corner  of  the  bank.  For,  if  we  replace  our  soap  in  a 
tub  by  a  fish  in  a  stream,  we  have  the  diagram  on  the  follow- 
ing page. 
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Diagram  B 

Remember  that  it  is  now  the  light  traveling  from  man 
toward  fish  which  we  wish  to  consider,  for  we  are  investi- 
gating what  the  fish  sees,  not  what  the  man  sees.  The  light 
travels  along  the  path  MX,  just  missing  the  top  of  the 
bank  at  B.  If  it  were  not  for  the  refractive  power  of  the 
water,  it  would  continue  on  in  the  direction  XY,  passing 
over  fish's  back,  and  fish  would  not  see  man.  But  actually  it 
gets  bent  at  X,  takes  the  new  direction  XF,  and  reaches 
fish's  eye  at  F.  Fish  sees  man,  although  the  straight  line  from 
man  to  fish,  MF,  is  cut  off  by  the  bank  of  the  stream  at  B. 
The  fish  sees  around  a  corner. 

This  is  one  basis  for  the  argument  which  has  sometimes 
been  advanced  that  a  fish  can  see  a  man  before  the  man  can 
see  the  fish.  This  overlooks  the  fact  that  the  principle  of  re- 
fraction is  reversible.  The  line  of  sight  is  equally  bent  going 
in  both  directions,  and  man  sees  around  the  same  corner  that 
fish  does. 

But  that  is  not  the  end  of  the  matter.  Consider  the  diagram 
on  the  opposite  page. 

Here  we  again  have  both  fish  and  man  able  to  see  each 
other  around  the  corner  of  the  bank  B,  because  the  line  of 
sight  is  bent  at  X.  But  note  the  result.  To  man,  fish  appears 
to  be  along  the  prolongation  of  the  line  MX,  at  F'.  To  fish, 
man  appears  to  be  poised  precariously  at  M',  peering  down 
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Diagram  C 


at  him  along  the  line  M'XF.  Neither  one  is  in  reality  where 
he  appears  to  be  to  the  other,  and  this  makes  it  seem  a  real 
achievement  on  the  part  of  both  fisherman  and  fish  when 
they  succeed  in  connecting  with  one  another.  However,  it  is 
to  be  noted  that  when  the  fisherman's  fly  is  on  the  water  it 
is  at  one  of  those  surface  points  X,  which  really  are  where 
they  appear  to  be  to  both  man  and  fish  j  and  if  the  bait  is  an 
underwater  lure,  the  fish  sees  it  where  it  really  is  and  it 
does  not  matter  whether  the  fisherman  does  or  not. 

We  now  come  to  the  heart  of  the  whole  matter,  which  is 
that,  to  the  fish  peering  upward,  the  surface  of  the  water  is 
opaque  except  within  a  circle  directly  over  its  head.  This 
circle  alone  is  transparent.  In  other  words,  the  surface  of 
the  water  is  to  the  fish  an  impenetrable  ceiling  with  a  cir- 
cular transparent  window  in  it.  This  is  because  of  the 
phenomenon  known  as  total  refraction.  For  it  is  a  charac- 
teristic of  the  refractive  processes  that  the  sharper  the  angle 
at  which  light  approaches  the  surface,  the  greater  the  angle 
through  which  it  is  bent.  Light  going  from  water  to  air  along 
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the  line  FX  in  Diagram  D  is  bent  at  X  and  proceeds  in  the 
direction  XM.  Light  going  i-'rom  F  to  X'  is  bent  at  X'  and 
continues  along  the  horizontal  X'H.  The  angle  FX'H  is 
more  acute  than  the  angle  FXM.  If,  now,  light  travels  from 


Diagram  E 

F  to  Y,  the  angle  at  which  it  approaches  the  surface  is  even 
sharper  than  that  made  by  FX',  and  the  angle  through  which 
it  is  bent  must  be  even  sharper  than  the  angle  FX'H.  The 
result  is  that  it  is  bent  back  beneath  the  surface,  and  never 
gets  out  at  all.  This  is  total  refraction.  It  is  the  same  thing 
as  reflection,  for  if  we  reverse  our  directions  and  consider 
the  light  traveling  from  an  object  at  W  toward  Y,  we  find 
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that  it  is  bent  back  and  goes  toward  F.  In  other  words,  the 
fish  at  F  sees  not  only  the  object  at  W  along  the  line  FW, 
but  it  also  sees  the  reflection  of  W,  upside  down,  along  the 
line  FY.  The  surface  outside  the  point  X',  in  addition  to 
being  an  impenetrable  ceiling,  is  a  mirror. 

The  line  FX',  then,  marks  the  limit  on  one  side,  and  the 
line  FX"  on  the  other  side,  of  light  from  above  which  can 
reach  the  fish.  If  we  now  place  ourselves  above  the  water 
and  look  down  on  it,  we  transfer  ourselves  from  Diagram  D 
to  Diagram  E.  X'  and  X"  become  points  on  the  rim  of  the 
circle,  on  the  surface,  through  which  the  fish  can  see  out  into 
the  air.  The  line  X'X"  becomes  a  diameter  of  this  circle, 
and  the  center  is  at  O,  directly  above  the  fish.  Outside  the 
limits  of  that  circle  the  surface  is  to  the  fish  an  impenetrable 
ceiling-mirror.  The  circle  itself  is  the  transparent  window 
through  which  he  sees.  And  the  final  effect  of  refraction  is 
that  the  whole  visible  above-water  world  outside  the  circle 
becomes  a  border  on  the  inner  edge  of  that  window. 

To  understand  this,  consider  Diagram  F.  The  horizontal 
lines,  HX'  and  HHX"  will  become  to  the  fish  the  lines  FX' 
and  FX"  and  will  bound  the  visible  world.  Anything  on 
the  horizon,  at  H  and  HH,  will  appear  to  be  in  the  pro- 
longation of  those  lines.  Anything  above  the  horizon,  like 
the  bank  B  or  the  man  M  or  the  tree  T,  will  appear  to 
project  inward  from  those  lines.  It  is  as  if  the  surface  of  the 
water  were  a  moving-picture  screen'  with  a  circular  picture 
thrown  on  it.  If  Diagram  F  is  a  cross-section  of  a  round 
pool  with  the  banks  the  same  height  all  around,  then  what 
the  fish  sees  as  he  looks  up  is  roughly  represented  by  the 
circle  X'X"  sketched  in  Diagram  G. 

If  you  understand  all  this  from  reading  it  over  once,  well 
and  good.  You  are  fortunate  in  having  that  kind  of  a  mind. 
If  you  do  not  understand,  go  and  lie  flat  on  your  back,  hold 
the  book  over  your  head,  and  look  steadily  at  Diagram  G. 
Forget  all  the  rest,  and  just  make  believe  that  you  are  a 
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fish  and  that  that  is  what  is  visible  to  you  as  you  float  effort- 
lessly beneath  the  waters  and  cock  an  eye  at  the  surface.  If 
this  makes  you  dizzy,  close  your  eyes  for  five  minutes,  then 
skip  to  the  next  section.  Or  take  a  nice  long  walk. 

However,  if  you  feel  capable  of  resuming  the  struggle, 
consider  Diagram  H.  The  slope  of  the  lines  FX'  and  FX" 
can  never  change.  They  mark  the  angle  at  which  horizontal 
light  would  be  bent  if  it  entered  the  water,  and  are  im- 
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Diagram  H 

mutably  fixed  by  the  laws  of  refraction.  This  means  that  the 
angle  X'FX"  is  unalterably  fixed.  It  is  slightly  greater  than 
90  degrees.  And  this  means  that  the  size  of  the  fish's  circular 
window  will  vary  with  his  distance  from  the  surface. 

For,  by  all  the  laws  of  God  and  man,  if  the  angle  X'FX'' 
remains  constant  at  a  little  over  90  degrees,  the  relation  be- 
tween OF  and  X'X"  must  remain  constant,  and  X'X"  must 
always  be  a  little  more  than  twice  as  long  as  OF.  If  the  fish 
is  three  feet  below  the  surface,  his  circular  window  is  over 
six  feet  in  diameter  j  if  he  comes  up  to  within  one  foot  of 
the  surface  his  window  shrinks  to  little  more  than  two  feet 
in  diameter  (Diagram  H).  But,  although  the  window  ac- 
tually shrinks,  it  appears  to  the  fish  to  remain  the  same  size, 
for  the  apparent  size  of  any  object  is  governed  by  the  angle 
it  subtends,  which  is  why  a  pencil  looks  larger  to  you  when 
held  just  in  front  of  your  nose  than  at  arm's  length.  We  have 
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just  said  that  the  angle  X'FX"  of  the  fish's  window  is  un- 
alterably fixed  J  therefore  the  affarent  size  of  his  window  is 
unalterably  fixed,  no  matter  what  his  depth. 

However,  other  things  change  as  he  changes  his  level. 
Anything  floating  on  the  surface  subtends  a  larger  angle  as 
he  approaches  it  and  therefore  appears  to  grow  larger,  even 
as  it  would  to  us.  A  piece  of  wood  two  feet  long  and  directly 
overhead  will  be  only  about  one-third  the  diameter  of  his 
window  when  he  is  three  feet  down  (Diagram  H),  but  when 
he  rises  to  a  one-foot  depth,  it  will  reach  almost  from  one 
side  of  the  window  to  the  other.  Anything  floating  just  in- 
side the  edge  of  his  window — such  as  a  boat  with  a  man  in  it 
— when  he  is,  let  us  say,  twelve  feet  down  and  his  window  is 
about  26  feet  in  diameter,  will  be  seen  as  one  image:. the 
bottom  of  the  boat  clear  and  undistofted  under  water,  and 
the  side  of  the  boat  and  the  man  somewhat  distorted  above 
water,  but  all  in  one  continuous  piece.  When  the  fish  rises  to 
a  depth  of  three  feet,  his  window  will  be  only  six  feet  in 
diameter.  The  boat  will  no  longer  be  within  the  circle  of  the 
window.  Its  bottom  will  be  clearly  visible  oflF  to  one  side, 
protruding  through  the  ceiling-mirror,  but  the  man  will 
appear  in  an  entirely  different  spot,  as  part  of  the  border  of 
his  window  somewhat  as  in  Diagram  G.  The  bottom  of  the 
boat  and  the  man  will  be  completely  dissociated. 

Any  object  in  the  air  directly  overhead,  such  as  a  dragon- 
fly hanging  over  the  surface  of  the  water,  will  appear  to 
grow  larger  as  the  fish  rises,  for  the  subtended  angle  will 
increase,  but  a  man  standing  on  the  bank  will,  so  long  as  his 
location  is  such  that  he  is  not  included  in  the  angle  XTX", 
appear  to  shrink.  He  forms  part  of  the  border  of  the  window, 
as  in  Diagram  G.  As  the  fish  comes  closer  .to  the  surface,  the 
window  will  actually  become  smaller  as  we  have  seen,  al- 
though retaining  the  same  apparent  size  to  the  fish.  The 
man  will  remain  part  of  the  border  of  the  window,  but  the 
angle  subtended  by  his  image  will,  because  of  the  workings 
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of  the  laws  of  refraction,  become  slightly  less.  He  will,  there- 
fore, occupy  a  slightly  smaller  portion  of  the  window,  and 
will  appear  to  the  fish  to  grow  smaller. 

And  so  we  see  that  as  the  fish  rises  in  the  water  objects 
may  appear  to  shrink  or  expand  or  remain  the  same  size, 
depending  upon  their  location.  To  us,  accustomed  to  having 
all  things  grow  larger  as  we  approach  them,  smaller  as  we 
\^ithdraw  from  them,  it  seems  as  if  the  fish  must  have  a 
pretty  cock-eyed  idea  of  what  the  world  is  likej  but  as  he  is 
used  to  it,  it  doubtless  seems  perfectly  normal  to  him.  Which 
leads  us  to  speculate  as  to  what  distortions  there  may  be  in 
our  own  view  of  the  universe,  and  how  far  it  is  from  being 
the  "normal"  which  it  appears  to  our  eyes. 

Theoretically  the  whole  world  above  water,  right  out  to 
the  horizon,  is  visible  to  the  fish  as  a  border  on  the  inner 
edge  of  his  window,  but  under  natural  conditions  this  is  not 
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Diagram  J 

entirely  true.  In  the  laboratory,  an  eye  just  above  the  sur- 
face at  E  clearly  sees  the  object  F,  at  a  new  position  F',  if 
there  is  a  screen  SS  to  cut  off  any  light  which  might  other- 
wise be  coming  from  the  direction  L  (Diagram  J).  You  can 
demonstrate  this  by  sinking  the  cap  of  a  toothpaste  tube  at 
one  end  of  the  bathtub  and  placing  your  eye  at  the  surface  at 
the  other  end,  with  the  light  behind  you.  On  the  other  hand, 
if  light  is  coming  from  the  direction  L,  so  much  of  it  is 
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reflected  by  the  surface  of  the  water  toward  your  eye  at 
E  that  the  object  at  F  (or  F',  its  apparent  position)  is  oblit- 
erated. This  is  what  often  happens  in  nature,  and  under  these 
circumstances  a  fish  at  F  might  be  invisible  to  you  on  ac- 
count of  the  light  on  the  water  while  at  the  same  time  you 
were  visible  to  the  fish.  The  compensating  factor  is  that 
when  a  ray  of  light  approaches  the  water  in  a  direction  almost 
parallel  to  the  surface,  as  for  instance  the  light  traveling 


Diagram  K 

from  you  to  the  fish  along  the  line  EX,  most  of  it  is  reflected 
back  into  the  air  by  the  surface  at  X,  and  only  a  very  small 
amount  reaches  the  fish  at  F.  To  all  intents  and  purposes, 
you  at  E  are  invisible  to  the  fish.  It  is  only  when  light  ap- 
proaches the  water  at  a  steeper  angle,  as  from  E'  in  Diagram 
K,  that  enough  of  it  enters  the  water  to  be  visible  at  F. 
There  is,  then,  a  limiting  angle  E'XF  which  constitutes 
under  natural  conditions  a  kind  of  "blind  spot"  for  the  fish. 
Anything  below  the  line  E'X  is  invisible,  and  that  is  why 
you  try  to  keep  as  low  as  possible  when  fishing.  In  the  dia- 
gram, the  whole  upper  half  of  the  standing  man  is  con- 
spicuous, while  only  the  top  of  the  head  of  the  kneeling  man 
is  visible  to  the  fish,  although  in  neither  case  is  there  any 
obstacle  between  man  and  fish. 

The  state  of  the  water  has  also  a  very  important  bearing 
on  the  situation.  If  the  surface  is  smooth  and  flat,  you  seem 
when  you  come  out  on  the  bank,  to  loom  suddenly  over 
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the  fish,  and  every  move  you  make  is  clearly  visible  in  the 
round  motion-picture  on  the  screen  above  him.  He  naturally 
eyes  you  and  your  movements  with  distrust,  and  when  the 
still,  opaque,  overhead  mirror  outside  the  circle  is  abruptly 
cut  by  your  line  reaching  out  toward  him  it  is  the  last  straw 
which  sends  him  off  to  hide  until  normalcy  is  restored. 

If  there  are  waves,  everything  is  changed.  The  surface  is 
no  longer  a  single  refracting  unit  with  a  single  round,  unified 
picture  of  the  world  above,  set  in  a  mirror-ceiling.  It  be- 
comes a  great  number  of  refracting  units,  all  at  different 
angles,  and  all  changing  all  the  time.  Any  particular  part  of 
the  surface  is  at  one  moment  horizontal,  and  refracting  light 
as  we  have  described  j  at  the  next  it  is  tipped  to  one  side  by 
a  wave,  and  the  refraction  is  exaggerated  5  at  the  next  it  is 
tipped  in  the  opposite  direction,  and  the  rays  of  light  be- 
come normal  to  it,  and  suffer  no  refraction  at  all.  Every 
object  in  the  picture  wobbles  around  in  dizzy  fashion.  The 
opaque  mirror-surface  surrounding  the  circular  window  be- 
ing also  in  motion,  the  things  in  it  are  bobbing  around  too. 
Further,  parts  of  it  are  frequently  being  tipped  by  waves  at 
angles  normal  to  the  light  from  the  bank,  and  the  fish  gets  a 
momentary  glimpse  of  you  as  you  really  are — ^but  entirely 
outside  the  circular  frame  In  which  he  sees  you  when  the 
water  is  calm.  The  result  is  that  the  whole  ring  of  objects 
around  the  fish's  circular  window,  the  window  itself,  and  the 
surrounding  mirror-screen,  are  in  an  unceasing,  wavering, 
shifting  dance  beyond  the  imagination  of  even  the  rnost  ex- 
treme alcoholic  among  humans.  The  man  and  the  tree  on 
the  bank  are  at  M  and  T  one  second,  at  M'  and  T'  the  next 
(Diagram  F) ;  or  they  may  be  at  both  at  the  same  Instant,  if 
there  happen  to  be  simultaneously  a  horizontal  surface  at  X' 
and  just  the  right  kind  of  a  wave  at  Y.  And  the  same  thing 
holds  true  in  any  stream  with  enough  flow  so  that  the  sur- 
face angles  are  constantly  being  changed  by  the  currents  of 
water. 
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So,  when  the  stream  is  flowing  or  there  is  a  ripple  on  the 
pool,  not  only  does  your  line  cease  to  be  conspicuous  as  it  cuts 
the  water,  but  you  yourself,  instead  of  being  the  active  pro- 
tagonist in  a  single,  steady  picture,  become  merely  another 
moving  object  in  a  kaleidoscope  of  pictures,  all  of  which  are 
in  constant  motion. 

So  much  for  what  is  visible  under  water.  The  next  ques- 
tion is,  how  much  of  what  is  visible  is  the  fish  capable  of 
seeing? 

The  fish's  eye  is  fundamentally  very  like  our  own  (see 
Figure  12).  It  consists  in  essence  of  a  curved  lens  inside  a 
transparent  covering  called  a  cornea,  both  of  which  bend  the 
incoming  light  rays  so  as  to  form  an  image  on  a  screen  com- 
posed of  sensitive  rods  and  cones  called  a  retina.  From  the 
retina  this  image  is  carried  to  the  brain  by  the  optic  nerve. 
Every  word  said  so  far  would  apply  equally  well  to  the 
human  eye,  and  yet  there  are  between  the  fish's  visual 
machinery  and  ours  two  minor  difl?erences,  two  major  dif- 
ferences, and  one  surprising  resemblance. 

Starting  from  the  outside,  the  first  difference  is  that  the 
fish  has  no  true  eyelids.  This  seems  to  us  like  a  very  un- 
comfortable state  of  affairs,  for  we  are  not  able  to  go  for 
more  than  a  few  seconds  without  bringing  our  lids  down 
across  our  eyes.  If  we  did  not  do  this,  the  surface  of  the  eye 
would  become  dry,  dirt  would  collect  on  it,  and  we  should 
not  be  able  to  see.  This  constant  moistening  and  cleaning  of 
the  cornea  is  a  more  essential  function  of  our  lids  than  the 
one  we  are  likely  to  think  of  first,  the  closing  of  our  eyes  in 
sleep.  Our  lids  are  more  important  to  see  with  than  to  sleep 
with. 

But  the  fish  lives  under  water.  Water  is  in  constant  con- 
tact with  the  surface  of  its  eye,  and  keeps  it  constantly  moist 
and  clean.  It  therefore  has  no  need  of  a  lid.  And  the  truth 
of  all  this  is  demonstrated  by  the  Central  American  four- 
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eyed  fish  Anablefs.  This  creature  has  eyes  divided  into  two 
sections,  one  for  seeing  in  the  air  and  one  for  seeing  in  water. 
Lying  habitually  at  the  surface  so  that  the  upper  half  of 
each  eye  is  in  the  air,  it  has  to  duck  its  head  under  water 
every  few  moments  to  freshen  up  that  exposed  portion  of 
the  eye. 

One  of  the  features  of  the  lid  in  our  eyes  is  the  lachrymal 
gland.  This  furnishes  the  moisture  for  the  proper  working 
of  the  eye,  and  also  furnishes  tears  for  us  when  we  wish  to 
weep.  The  fish  has  no  lachrymal  gland,  and  it  therefore 
cannot  weep.  It  is  of  interest  that  the  human  infant  cannot 
weep  until  it  is  several  weeks  old.  It  can  bawl,  but  not  pro- 
duce tears.  No,  I  am  not  calling  your  baby  a  fishj  I  am 
merely  pointing  out  another  of  the  reasons  why  the  biogenetic 
law  fascinates  biologists. 

The  second  difference  in  the  fish's  eye  is  that  there  is  little 
or  no  provision  for  altering  the  amount  of  light  that  enters 
the  pupil.  The  iris,  the  colored  ring,  in  our  eyes  can  widen 
or  shrink,  leaving  only  a  pin-point  in  the  center  when  the 
light  is  bright,  or  exposing  practically  the  whole  lens  when 
the  light  is  very  dim.  The  fish  also  has  an  iris,  the  metallic- 
looking  ring  around  the  dark  circular  center,  but  this  iris  is 
practically  incapable  of  movement.  Teleologically  speaking, 
we  might  say  that  that  is  because  the  light  under  water 
never  attains  such  brilliance  as  to  make  protection  against  it 
necessary. 

The  next  thing  which  we  meet  on  our  way  into  the  fish's 
eye  is  the  lens,  and  here  we  encounter  a  major  difference. 
Our  lens  is  comparatively  flat.  It  is  in  shape  not  unlike  the 
common  hand  magnifying-glass  or  "reading-glass."  The  fish's 
lens  is  spherical  (see  Figure  12).  Where  our  lens  is  a  disk, 
the  fish's  lens  is  a  globe.  It  is,  in  fact,  that  unappetizing  little 
white  ball  which  you  sometimes  find  rolling  around  on  your 
plate  when  a  whole  fish  is  served  to  you.  The  lens  has  come 
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out  of  the  eye,  and  in  the  processes  of  death  and  cooking  has 
lost  its  transparency. 

The  eye,  in  both  man  and  fish,  is  filled  with  transparent 
substances.  The  light,  passing  from  air  into  these  substances, 
is  refracted  and  forms  an  image  on  our  retina,  just  as  it  forms 
an  image  after  passing  through  the  lens  of  a  camera.  But  in 
the  case  of  the  fish,  the  light  passes  not  from  air  into  the 
lens,  but  from  water  into  the  lens.  It  is  obvious  that  light 
passing  from  water  into  water  will  not  be  refracted.  The 
substance  inside  the  eye  is  of  almost  the  same  density  as 
water.  Therefore,  in  passing  from  water  into  the  eye  light 
undergoes  much  less  refraction  than  in  passing  from  air  into 
the  eye.  This  is  why  our  vision  is  blurred  when  we  open  our 
eyes  under  water.  Our  lens  mechanisms,  adequate  for  form- 
ing an  image  from  light-rays  passing  into  the  dense  sub- 
stance of  the  eye  from  air,  are  not  sufficiently  curved  to  bend 
the  rays  into  a  sharp  image  when  they  pass  into  the  dense 
substance  of  the  eye  from  the  scarcely  less  dense  water.  To 
overcome  the  difficulty,  the  fish  curves  the  lens  more.  He 
goes  the  limit  in  degree  of  curvature,  and  uses  a  spherical 
lens,  but  even  at  that  some  authorities  doubt  whether  he 
succeeds  in  bringing  the  light  to  a  proper  focus  and  in  pro- 
ducing a  really  clear  picture  on  his  retina.  And  for  the  same 
reason  that  our  vision  is  blurred  when  our  eyes  are  under 
water,  we  are  justified  in  assuming  that  the  fish  cannot  see 
clearly  when  his  eyes  are  in  the  air.  His  lens  mechanism  is 
designed  to  handle  light  coming  through  water,  not  light 
coming  through  air. 

To  accommodate  our  eyes  to  varying  distances — in  other 
words,  to  bring  the  rays  of  light  from  any  object  to  a  focus 
on  the  retina,  no  matter  how  far  away  the  object — we  are 
able  to  change  the  curvature  of  our  lens.  For  long  range  we 
make  it  flatter,  for  short  range  more  curved.  But  the  fish 
needs  all  the  curvature  possible,  all  the  time.  If  he  flattened 
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the  lens  he  would  not  get  enough  refraction.  Further,  per- 
haps because  of  this  fact,  his  lens  is  not  elastic  like  ours.  It  is 
rigid  and  its  curvature  cannot  be  changed.  The  only  means 
left  to  the  fish  to  accommodate  for  varying  distances  is  to 
move  his  lens  toward  or  away  from  the  retina,  just  as  a 
camera  lens  is  moved  toward  or  away  from  the  plate.  To  do 
this,  he  has  a  special  muscle,  the  retractor  lentis.  By  means 
of  this  muscle  the  distance  between  the  lens  and  the  retina 
can  be  varied.  For  long-range  vision  the  lens  is  brought 
nearer  to  the  retina  than  for  short  range. 

Now,  all  muscles  expect  to  be  allowed  to  rest  when  not  in 
use.  It  is  customary  for  them  to  spend  their  time  off  In  a 
relaxed  condition.  In  the  human  eye,  the  apparatus  is  so  de- 
signed that  when  the  small  muscles  which  control  the  curva- 
ture of  the  lens  are  relaxed,  the  lensjs  at  its  flattest,  and  is, 
therefore,  set  for  distant  vision.  In  the  fish,  when  the  re- 
tractor lentis  relaxes,  the  lens  remains  In  the  forward  posi- 
tion, and  is  thus  set  for  near-by  vision.  And  all  this  is  very 
proper  and  fitting.  For  air  is  a  medium  through  which  light 
travels  a  long  way,  and  man  Is  expected  to  have  his  eyes  on 
the  horizon,  whereas  water  permits  light  to  travel  only  a 
short  way,  and  the  fish  Is  expected  to  concentrate  on  near-by 
details.  The  fish  goes  poking  around  In  the  Immediate  fore- 
ground with  his  little  round  lenses  way  out  at  the  front 
ends  of  his  eyes,  as  far  from  the  retina  as  he  can  get  them, 
and  when  he  wants  to  look  Into  the  distance  he  has  to  haul 
them  in  by  means  of  the  retractor  lentis,  like  toy  balloons 
on  a  string.  A  German  observer  goes  so  far  as  to  claim  that 
he  has  actually  been  able  to  see  this  back-and-forth  move- 
ment of  the  lens  in  the  large  eyes  of  trigger-fish  in  aquaria. 

The  surprising  resemblance  which  we  spoke  of  between 
the  fish's  visual  machinery  and  the  human's  is  that  in  each 
the  eyeball  is  moved  by  the  same  set  of  six  muscles.  For  the 
fish  does  move  its  eyes,  although  very  much  less  than  we 
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do.  The  reader's  surprise  is  expected  to  be  caused  by  three 
facts.  First,  that  each  eye  needs  as  many  as  six  muscles  to 
bring  about  such  slight  movements  as  it  makes;  second,  that 
the  fish,  with  its  otherwise  elementary  muscular  system, 
could  develop  such  complicated  musculature;  and  third,  that 
the  same  six  muscles,  controlled  by  the  same  nerves,  act  in 
just  the  same  way  to  move  the  eye  of  the  human  as  to  move 
the  eye  of  the  fish,  in  spite  of  the  fact  that  in  every  other 
way  the  human  muscular  system  is  so  much  more  advanced 
than  that  of  the  fish. 

So  far  we  have  found  no  basic  difference  between  the  eyes 
of  fish  and  human.  The  human  has  made  additions  and  im- 
provements. He  has  added  the  eyelid.  He  has  perfected  the 
iris-diaphragm  for  governing  the  amount  of  light.  He  has 
adapted  the  lens  to  his  environment,  and  altered  the  mech- 
anism whereby  it  accommodates  for  distance.  But  he  has  not 
changed  the  basic  principle  of  a  lens  focusing  light  so  as  to 
form  an  image  on  a  sensitive  screen.  We  are,  therefore,  up  to 
this  point,  able  to  form  a  pretty  clear  conception  of  how  the 
fish's  apparatus  works.  It  is  merely  an  earlier  model  of  the 
same  machine  we  are  using. 

We  now  come  to  a  difference  so  fundamental  that  it  will 
probably  never  be  possible  for  science  fully  to  explain  its  sig- 
nificance. It  has  to  do  with  the  placing  of  the  eyes,  and  their 
connection  with  the  brain.  Our  eyes  face  in  the  same  direc- 
tion, the  fish's  eyes  face  in  almost  diametrically  opposite 
directions.  Each  of  our  eyes  is  connected  with  both  right  and 
left  sides  of  the  brain;  each  of  the  fish's  eyes  is  connected 
with  only  one  side  of  the  brain.  So  little  experimental  work 
and  so  many  essays  in  pure  theory  have  been  produced  on 
this  question  that  it  is  permissible  for  us  to  do  a  little  theoriz- 
ing of  our  own,  provided  we  keep  firmly  in  mind  that  much 
of  what  follows  is  hypothesis. 

In  the  first  place,  it  is  necessary  for  us  to  understand  that 
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one  of  the  striking  features  of  the  vertebrates  is  that  many 
nerves  cross  from  one  side  of  the  body  to  the  other.  The 
nerves  from  the  organs  of  touch  in  your  left  hand,  for  in- 
stance, go  to  the  right  side  of  your  brain.  The  fish  applies  this 
principle  faithfully  to  his  eyes:  the  right  eye  connects  with 
the  left  side  of  the  brain,  and  vice  versa.  All  the  fibers  of  the 
right  optic  nerve  cross  those  of  the  left  on  the  way  from  the 
eye  to  the  brain  and  this  is  called  complete  decussation  (com- 
plete crossing). 

In  the  human,  this  has  been  changed.  The  nerve  tract 
from  the  left  eye  starts  out  toward  the  right  side  of  the 


brain  in  orthodox  fashion,  but  when  it  gets  to  the  point  where 
it  should  cross  the  tract  from  the  right  eye,  some  of  its  fibers 
turn  aside  from  their  course,  join  the  other  tract,  and  end 
in  the  left  side  of  the  brain.  The  remaining  fibers  continue 
in  the  original  direction  and  end  in  the  right  side  of  the 
brain  (see  Diagram  L).  This  is  called  incomflete  decussation 
of  the  optic  nerves. 

Complete  decussation  is  found  in  those  animals  in  which 
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the  eyes  typically  face  in  different  directions — in  which,  to 
be  technical,  the  optic  axes  are  not  parallel.  This  includes  the 
fish,  the  amphibians,  the  reptiles,  and  the  birds.  In  the  mam- 
mals, the  nerve-fibers  begin  to  stray  even  in  those  forms 
where  the  eyes  look  in  opposite  directions,  and  as  the  lines  of 
sight  become  more  nearly  parallel,  more  and  more  of  them 
are  affected.  In  the  horse  a  small  fraction  fail  to  decussate, 
in  the  cat  the  number  is  larger,  and  by  the  time  we  reach 
the  higher  apes  we  find  half  of  them  leaving  the  path  on 
which  they  started  and  joining  the  tract  from  the  other  eye. 
These  being  animals  which  left  the  ground  some  aeons  ago 
to  seek  safety  in  the  trees,  this  arrangement  of  the  nerves 
and  the  placing  of  the  eyes  so  that  both  face  in  the  same 
direction  are  thought  to  provide  the  unerring  judgment  of 
distance  needed  in  swinging  from  limb  to  limb,  and  are 
termed  an  "arboreal  adaptation."  The  phrase  is  suggestively 
descriptive,  but  does  not  tell  us  how  the  machinery  works. 
It  is  not  difficult  to  cook  up  a  theory  which  explains  every- 
thing. In  animals  whose  eyes  face  in  diametrically  opposite 
directions,  each  eye  has  a  separate  field  of  vision.  Anything  on 
the  animal's  left  side  is  seen  by  the  left  eye  only,  and  its 
presence  is  therefore  signaled  to  the  right  side  of  the  brain. 
In  man,  the  two  eyes  face  in  the  same  direction.  Anything  to 
the  left,  unless  very  far  to  the  left,  is  seen  by  both  eyes.  If 
decussation  were  complete,  it  would  be  signaled  to  both  sides 
of  the  brain,  which  jnight  cause  confusion.  If,  however,  fibers 
from  that  part  of  each  retina  which  registers  objects  on  the 
left  go  only  to  the  right  side  of  the  brain,  the  original  sys- 
tem is  restored.  Objects  to  the  left  register  on  the  right  half 
of  each  retina.  Nerve-fibers  from  the  right  half  of  the  right 
retina,  as  well  as  from  the  right  half  of  the  left  retina,  must 
therefore  go  to  the  right  side  of  the  brain  in  order  to  register 
in  that  side  of  the  brain  objects  seen  to  the  left — in  other 
words,  objects  affecting  the  side  of  the  body  which  is  under 
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Diagram  M 


its  jurisdiction.  By  this  system  the  images  are  allocated  to 
the  two  halves  of  our  brain  in  the  same  way  in  which  they 
would  be  if  our  eyes  were  placed  so  that  each  saw  only  one 
side,  and  if  decussation  were  complete.  The  incomplete 
decussation  is  a  compensation  for  the  fact  that  the  two  eyes 
now  see  the  same  thing. 

Having  concocted  this  theory,  we  are  at  liberty  to  shoot 
holes  in  it.  The  first  hole  comes  of  the  fact  that,  although 
the  fish's  two  eyes  face  in  different  directions,  those  direc- 
tions, in  many  fish,  are  not  diametrically  opposite,  and  there 
is  a  small  section  of  the  world  which  both  of  them  see  at  the 
same  time.  This  statement  is  based  on  theoretical  deduction, 
for  obviously  no  one  knows  just  what  a  fish's  eyes  see.  But 
the  placing  of  most  fishes'  eyes  and  the  extent  to  which  they 
protrude  permit  us  to  argue  as  follows. 

As  we  look  down  on  the  fish  (Diagram  N),  the  field  of 
vision  of  the  right  eye,  E',  is  bounded  by  its  side  and  by  its 
nose.  The  limiting  lines  of  sight  are  E'B  and  E'C,  and  the 
whole  field  between  those  two  lines,  comprising  a  little  more 
than  a  half  circle,  is  visible  to  the  right  eye.  Similarly,  the 
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field  of  vision  of  the  left  eye  is  limited  by  the  lines  E"D  and 
E"A.  But  these  two  fields  overlap.  Anything  within  the 
limits  AOC  is  visible  to  both  eyes.  In  other  words,  AOC  is 
a  common  field  of  vision  for  the  two  eyes.  It  is  a  very  much 
smaller  common  field  than  we  have.  Ours  varies  around  90 
degrees,  depending  on  our  features.  If  our  eyes  are  far  apart 
and  our  nose  is  flat,  it  is  larger  j  if  our  eyes  are  close  together 
and  our  nose  high,  it  is  smaller.  A  dish-faced  person  can  see 


Diagram  N 

more  than  a  hawk-nosed  one.  In  the  fish,  the  nose  is  very 
large,  and  the  position  of  the  eyes  gives  him  no  help  in  see- 
ing around  it.  His  common  field  of  vision  is  small.  In  the 
trout  it  is  probably  somewhere  in  the  neighborhood  of  30 
degrees.  In  some  species  it  is  much  less.  But  whatever  it  is, 
anything  within  that  field  of  vision  is  visible  to  both  eyes. 
And  it  seems  probable,  using  the  same  line  of  reasoning,  that 
this  field  extends  upward  as  well  as  forward,  and  that  the  fish 
sees  with  both  eyes  whatever  is  directly  over  his  head. 

While  all  this  is  theoretical,  observation  bears  it  out.  If  a 
piece  of  food  is  at  the  point  X  in  Diagram  N,  the  fish  ap- 
proaches it  directly.  He  does  not  turn  his  head  to  one  side  to 
look  at  it.  This  means  that  he  must  be  able  to  see  what  is 
directly  in  front  of  him.  If  he  can  see  what  is  in  front  of  him 
with  one  eye,  he  can  obviously  see  it  with  the  other  eye  also, 
and  there  must  be  a  common  field  of  vision. 
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Having  proved  this  to  our  own  satisfaction,  what  of  it? 
Just  this.  Any  object  to  the  fish's  right,  outside  the  lines 
AOE'B,  is  seen  by  the  right  eye  only,  and  its  image  is  sent  to 
the  left  side  of  the  brain.  Any  object  to  the  fish's  left,  out- 
side the  lines  COE"D,  is  seen  by  the  left  eye  only,  and  its 
image  is  sent  to  the  right  side  of  the  brain.  But  any  object 
within  the  angle  AOC  is  seen  by  both  eyes,  and  its  image  is 
sent  to  both  sides  of  the  brain.  The  fish's  visual  sensations  are 
divided  into  two  distinct  classes:  one  occurring  in  one  side  of 
the  brain  or  the  other,  and  one  occurring  in  both  sides  of  the 
brain  simultaneously. 

We  are  now  in  a  position  to  ask  ourselves  a  lot  of  ques- 
tions many  of  which  we  cannot  answer.  In  the  first  place,  do 
the  two  classes  of  sensations  make  dijfferent  final  impressions 
on  the  fish's  consciousness?  Is  an  object  on  one  side  of  him, 
producing  an  image  in  only  one  eye  and  stimulating  only 
one  half  of  his  brain,  seen  less  clearly  than  the  same  object 
when  it  is  directly  in  front,  seen  by  both  eyes  and  stimulat- 
ing both  halves  of  the  brain?  We  are  all  familiar  with  the  way 
in  which  a  fish  whirls,  when  something  appears  to  one  side 
or  the  other,  and  brings  itself  head  on.  Does  not  this  mean 
that  the  single  image  so  produced  is  inadequate,  merely  a 
signal  that  there  is  something  which  needs  more  thorough 
examination,  and  that  it  is  necessary  to  bring  both  eyes  to 
bear  on  it  to  see  it  really  well?  And  if  this  is  so,  of  what  use 
are  the  large  portions  of  each  eye  through  which  come  the 
single  images  produced  by  objects  to  the  right  and  left  of 
the  common  field? 

You  can  obtain  some  of  the  answers  by  an  experiment 
performed  without  getting  out  of  your  chair,  and  with  ap- 
paratus no  more  complex  than  your  own  finger.  Close  your 
left  eye  and  hold  your  finger,  at  a  comfortable  distance  away 
and  on  a  level  with  your  eyes,  at  a  point  as  far  to  the  left  as 
you  can  see  it  distinctly.  Then  without  moving  the  finger. 
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open  the  left  and  close  the  right  eye.  You  still  see  the  finger 
(in  fact,  even  more  distinctly,  since  it  is  nearer  to  the  center 
of  your  visual  field).  This  proves  that  the  finger  in  that  posi- 
tion is  in  the  common  field  of  vision,  and  that  when  both  eyes 
are  open  both  see  it  and  send  messages  to  both  sides  of  your 
brain.  But  when  the  left  eye  is  closed,  and  the  right  eye  alone 
sees  it,  it  is  registering  only  on  the  right  side  of  the  right 
retina,  and  the  message  is  being  sent  only  to  the  right  side 
of  your  brain  (see  Diagram  M).  Is  the  final  impression  on 
your  consciousness  when  the  image  is  being  registered  on 
only  one  side  of  your  brain  different  from  when  it  is  being 
registered  on  both?  Essentially,  noj  but  there  is  one  dif- 
ference which  is  important,  and  that  is  that  when  both  eyes 
see  the  object  you  are  able  to  make  a  much  quicker  and  more 
accurate  estimate  of  its  distance,  especially  if  there  is  no 
light  and  shade,  and  no  other  object  in  view,  to  guide  your 
judgment.  And  here  we  have  the  answer  to  why  the  fish 
turns  head  on  to  an  object  it  wishes  to  examine:  in  order  to 
estimate  its  distance.  The  large  portions  of  each  eye  through 
which  come  the  single  images  produced  by  things  to  the  right 
and  left  of  the  common  field  serve  to  keep  the  fish  informed 
of  what  is  going  on  over  a  wide  area — perhaps  to  warn  of 
approaching  danger;  but  he  must  bring  an  object  into  the 
common  field  if  he  wants  to  obtain  his  best  estimate  of  its 
distance — as  would  be  the  case  with  something  he  wanted 
to  pounce  on  and  eat. 

The  next  question  is,  if  seeing  a  thing  with  both  eyes  im- 
proves judgment  of  distance,  why  have  not  the  rays  and  the 
flatfishes  taken  advantage  of  the  opportunity  offered  by  their 
peculiar  bodily  shape  to  locate  their  eyes  in  such  a  position  as 
to  have  a  large  common  field?  (See  Figure  29.)  Instead  of 
this,  each  eye,  in  many  of  them  at  least,  is  surrounded  by 
a  socket  or  mounted  on  a  stalk  in  such  a  way  as  to  be  cut  off 
from  what  the  other  eye  can  see.  And,  as  if  to  emphasize 
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their  indifference  to  a  common  field  of  vision,  the  flounder's 
eyes  move  independently.  They  swivel  around  without  any 
regard  for  each  other,  whereas  most  fishes'  eyes  move  in 
unison,  as  ours  do,  swinging  to  the  right  or  the  left  at  the 
same  time.  This  means  that,  in  a  fish  like  the  trout,  the  left 
eye  moves  toward  the  front  and  center  at  the  same  time  that 
the  right  eye  moves  toward  the  rear  and  out.  If  it  is  directly 
in  front  of  him,  in  the  common  field,  that  the  trout  sees  best, 
as  we  proved  to  ourselves  a  little  further  back,  why  are  not 
his  eyes  arranged  so  that  both  move  toward  the  front  and 
center  at  the  same  time?  Just  another  one  of  those  questions 
which  no  one  can  answer.  It  is  no  wonder  that  people  end  in 
a  daze  when  they  try  to  puzzle  out  the  fish's  optical  ap- 
paratus, and  find  themselves  setting  forth  as  their  conclusion 
the  very  fact  which  started  them  on  their  investigation, 
namely:  that  the  fish's  eyes  are  different  from  ours,  and  very 
hard  to  understand. 

We  have,  however,  gained  one  thing.  We  are  now  in 
a  position  to  appreciate  the  point  of  view  of  those  who  claim 
that  fish  do  not  see  very  well,  and  to  appraise  the  validity  of 
their  arguments.  Such  people  think  that  the  unvarying 
amount  of  light  admitted  by  the  unvarying  iris  must  be 
unfavorable  to  distinctness  of  vision.  They  maintain  that 
the  globular  lens,  with  its  back-and- forth  system  of  adjust- 
ment, cannot  be  capable  of  bringing  light  to  a  proper  focus 
and  of  producing  a  clear  image  on  the  retina.  And  they  ques- 
tion whether  fish  can  judge  distance  with  anything  like  our 
speed  and  accuracy.  For  it  is  now  believed  by  leading  authori- 
ties that  our  partial  decussation  is  a  device  for  putting  our 
oculomotor  apparatus  in  control  of  the  pair  of  images  and 
making  it  responsible  for  the  co-ordination  of  eye  move- 
ments which  is  essential  for  precise  and  rapid  estimation  of 
distances.  The  fish's  eyes,  as  we  have  seen,  do  not  work  in 
that  way. 
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These  arguments  are  not  without  logic,  but  they  are  the- 
oretical. They  are  based  on  differences  in  the  structure  of 
fish  and  human  visual  machinery,  and  such  a  base  is  not 
always  a  safe  one.  Rather  than  reply  theoretically,  with  the 
same  lack  of  safety,  let  us  see  what  factual  evidence  we  can 
find  on  the  other  side.  Controlled  experiments  being  few  in 
number  and  limited  in  scope,  we  shall  fall  back  on  observa- 
tion. What  can- we  tell  about  how  much  fish  see  from  what 
they  do  in  the  course  of  their  daily  lives? 

Star  witness  for  the  defense  is  Toxotes  jaculator.  This  is 
a  little  fish  which  lives  in  Siam.  It  earns  its  living  by  knock- 
ing insects  off  twigs  above  the  surface  with  a  drop  of  water 
which  it  shoots  from  its  mouth.  How  it  does  this  is  an  in- 
teresting matter  for  speculation,  but  we  are  trying  to  shun 
theory  now.  The  fact  is  that  it  does  succeed  in  shooting  down 
insects  as  much  as  three  feet  above  the  surface.  This,  it 
seems  to  me,  is  good  proof  of  three  things:  that  Toxotes 
sees  objects  in  the  air  with  considerable  distinctness,  or  he 
could  not  tell  the  insect  from  the  twigj  that  he  has  an 
excellent  sense  of  direction 5  and  that  his  judgment  of  dis- 
tance is  not  at  all  bad. 

So  much  for  what  the  fish  can  see  in  the  air.  Now  for  some 
light  on  what  he  can  see  under  water.  The  witness  with 
which  I  happen  to  be  best  acquainted  is  the  jewel-fish  al- 
ready mentioned  in  Chapter  III.  This  fish  is  unpopular  with 
tropical-fish  fanciers  on  account  of  his  bad  temper,  but 
popular  with  seekers  after  information  because  he  lives  and 
breeds  unconcernedly  in  an  aquarium  and  can  thus  be  easily 
observed.  He  is  among  the  few  fishes  which  feel  some  re- 
sponsibility about  their  children.  He  has  several  hundred  at 
a  time,  each  less  than  one-quarter  of  an  inch  long  when  they 
begin  to  swim,  and  he  and  his  mate  ride  herd  over  their 
flock,  driving  off  intruders,  and  picking  up  any  stragglers  in 
their  mouths  and  spitting  them  out  unharmed  into  the  mid- 
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die  of  the  band.  If  you  take  a  few  of  these  young  ones,  anes- 
thetize them  until  they  are  absolutely  motionless,  and  lay 
them  on  the  bottom  of  the  tank,  they  are  indistinguishable 
to  the  human  eye  from  the  sand  and  debris  collected  there, 
but  not  to  the  jewel.  He  picks  them  up  and  carries  them 
back  to  where  they  belong.  Further,  there  is  another  species 
of  cichlid  whose  habits  are  the  same,  and  whose  young  are 
so  much  like  the  jewel  in  shape,  size,  and  marking,  that  they 
are  difficult  to  tell  apart  without  a  microscope.  If  you  take 
ten  of  the  jewel's  children  away  from  the  flock,  and  a  mo- 
ment later  return  to  a  different  part  of  the  tank  five  baby 
jewels  and  five  of  the  other  species,  he  will  take  them,  one 
by  one,  into  his  mouth  to  carry  them  back  to  where  they 
belong.  Then,  if  you  watch  closely,  you  will  see  that  each 
jewel  is  spat  out  into  the  bosom  of  the  family,  but  the  little 
strangers  go  into  his  mouth  never  to  emerge.  Instead  of 
joining  the  little  jewels,  they  become  part  of  a  big  jewel. 
And  what  is  more,  even  if  both  sets  of  young  are  rendered 
motionless  by  anesthesia,  to  eliminate  any  telltale  responses, 
he  can  still  tell  them  apart.  That  sight  is  the  sense  which 
operates  here,  and  not  smell,  has  been  demonstrated  by  ex- 
periments which  we  do  not  need  to  go  into.  It  is  hard  to 
believe  that  there  are  any  blurred  lines  in  the  picture  on  the 
jewel's  retina. 

Let  us  now  consider  the  trout.  The  trout  unquestionably 
sees  the  fly  before  It  hits  the  water.  One  method  of  attracting 
his  attention,  in  dry-fly  fishing,  is  to  make  false  casts  just 
over  him,  without  allowing  the  fly  to  come  down.  He  has 
been  known  to  leap  out  of  the  water  after  the  fly,  and, 
although  it  is  always  dangerous  to  apply  what  is  known  of 
one  species  to  another,  this  indicates  that  he  has  at  least 
some  of  the  abilities  of  Toxotes  when  it  comes  to  seeing 
things  above  the  surface.  As  for  flies  on  the  surface,  we  all 
know  that  he  has  not  only  extremely  keen  perception  in 
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telling  one  from  another,  but  also  extremely  good  judgment 
of  distance.  To  be  sure,  we  have  all  seen  a  trout  miss  a  fly 
that  it  rose  for,  but  it  must  be  remembered  that  the  fish  is 
moving,  the  water  is  moving,  and  the  fly  is  sometimes  mov- 
ing also.  The  preponderant  number  of  times  that  the  trout 
does  take  the  fly  seems  to  me  proof  of  its  ability  to  judge 
distance.  Its  eye  may  have  technical  faults,  but  it  does  the 
work. 

To  sum  up,  we  find  that  the  testimony  of  these  three  spe- 
cies refutes  the  charges  against  the  fish.  The  acuteness  of  its 
vision  is  considerable,  at  least  at  close  range,  and  it  seems 
probable  that  distinctness  of  vision  at  long  range  is  not  im- 
portant, for  even  in  the  clearest  water  light  travels  but  a 
comparatively  short  way,  and  far  objects  are  hidden  from 
sight.  Of  what  use  is  the  ability  to  distinguish  things  a  quar- 
ter of  a  mile  away  if  there  is  such  a  haze  that  they  become 
invisible  at  a  distance  of  one  hundred  feet?  It  may  well  be 
that  the  fish  cannot  focus  properly  for  long  range,  and  that 
distant  objects  are  blurs  which  become  evident  to  it  only 
by  their  movement.  Certainly  movement  plays  a  very  im- 
portant part  in  attracting  its  attention — as  is  true  of  all  ani- 
mals, including  ourselves.  In  any  case,  once  it  has  become 
aware  of  a  distant  object,  it  approaches  it;  and  once  it  has 
come  close  to  it,  it  is  able  to  see  it  very  distinctly.  For  ex- 
tremely close  work  its  vision  is  apparently  better  than  ours, 
for  it  seems  to  see  clearly  an  object  within  an  inch  of  its  nose, 
which  we  do  not.  And  this  is  important  to  it,  for  it  must 
bring  its  eyes  very  close  to  whatever  it  eats. 

As  to  judgment  of  distance  the  testimony  is  not  so  clear, 
but  it  is  still  favorable.  And,  after  all,  consider  a  bird  like 
the  phoebe.  The  location  of  its  eyes  and  their  connections 
with  the  brain  are  very  much  the  same  as  the  fish's,  and  yet 
no  one  doubts  its  distance  judgment  because  its  eyes  are  not 
arranged  the  way  ours  are.  Birds  are  easier  to  observe  than 
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fish,  and  everyone  knows  that  when  a  phoebe  darts  after  a 
moving  insect  in  the  air,  its  beak  comes  together  with  a  snap 
not  behind  its  prey  or  in  front  of  its  prey,  but  on  it. 

We  have  not  yet  said  a  word  about  a  very  important 
point.  Can  fish  tell  color?  There  have  been  more  experiments 
on  this  than  on  any  other  phase  of  the  fish's  vision,  and 
hotter  debate,  and  the  answer  is,  Yes,  at  least  in  so  far  as 
the  fisherman  is  concerned. 

Color  experimentation  can  be  very  simple.  Aquarium  fish 
have  been  taught  to  take  food  when  offered  on  blue  forceps, 
avoid  it  when  offered  on  red.  Native  fish  at  the  Tortugas 
have  been  taught  to  come  to  a  certain  place  for  feeding,  and 
to  take  food  when  dyed  one  color,  but  not  another  color. 
The  method  in  each  case  is  to  make  the  food  associated  with 
the  undesired  color  in  some  way  unpalatable,  and  the  as- 
sumption is  that  it  is  the  fish's  discrimination  between  the 
two  colors  which  enables  him  to  leave  the  unpalatable  food 
alone. 

One  of  the  prettiest  demonstrations  of  color  discrimina- 
tion was  offered  by  the  aforementioned  jewel.  The  young 
of  this  species,  while  still  in  the  herding  stage,  will  assemble 
around  the  parent  if  the  latter  gives  a  sharp,  quick  move- 
ment of  the  fins.  The  parent  at  this  stage  is  bright  red.  In  a 
closely  related  species,  Cichlasoma  bimaculatum,  the  young 
will  obey  the  same  signal,  but  the  outstanding  color  of  the 
parent  at  this  stage  is  an  intense,  very  dark  blue.  A  small 
tank  was  rigged  up  with  two  metal  disks,  one  just  outside 
the  glass  at  each  end.  One  was  red,  the  other  dark  blue.  By 
means  of  a  mechanism,  the  disks  were  made  to  give  periodic 
sharp  jerks.  If  young  jewels  were  put  in  the  tank  they  soon 
assembled  at  the  end  where  the  red  disk  was  in  operation.  If 
cichlasomas  were  put  in  the  tank,  they  assembled  at  the  blue 
end.  If  both  were  in  the  tank  at  the  same  time,  they  separated 
out  at  the  blue  and  red  ends  very  nicely  according  to  species. 
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And  if  the  disks  were  reversed,  the  blue  being  moved  to 
where  the  red  had  been  and  vice  versa,  two  mass  migrations 
took  place.  The  little  jewels  swam  across  the  tank  to  their 
red  foster-parent,  and  the  cichlasomas  took  the  place  where 
the  jewels  had  been,  now  in  front  of  the  blue  disk. 

Why,  in  the  face  of  such  evidence,  is  there  any  question 
that  fish  can  tell  color?  Because  of  the  possibility  that  it  is 
brightness,  rather  than  color,  which  is  distinguished.  If  a 
certain  red  gives  off  more  light  than  a  certain  blue,  then  it 
may  be  difference  in  brightness  which  enables  the  fish  to  tell 
one  from  the  other,  rather  than  difference  in  color.  And 
even  if  apparatus  is  used  to  provide  colors  of  equal  bright- 
ness-value, the  die-hards  are  not  satisfied,  maintaining  that 
there  is  no  justification  for  believing  that  two  colors  have 
the  same  brightness-value  to  the  fish  eye  just  because  they 
have  to  the  human  eye. 

However,  recent  experiments  have  offered  convincing 
proof  that  actual  color  rather  than  brightness  is  the  deter- 
mining value  for  at  least  one  species — the  large-mouth  black 
bass.  These  experiments  were  of  the  conditioned  response 
type,  the  fish  being  trained  to  associate  one  color  with  reward 
— food — and  another  color  with  punishment — in  this  case  a 
mild  electric  shock.  Young  black  bass  one  to  two  inches  long 
lived  for  weeks  in  white  enameled  basins  six  inches  across, 
one  to  each  basin.  They  were  fed  on  daphnia  ("water  fleas") 
and  mosquito  larvae,  which  were  presented  to  them  in  what 
scientists  call  pipettes  and  normal  people  call  eye-droppers. 
Opaque  pipettes  were  used  of  different  colors:  the  red  pi- 
pette, let  us  say,  always  contained  daphnia,  the  yellow  one 
did  not  J  if  the  fish  approached  the  red  he  got  food,  if  he 
approached  the  yellow  he  got  a  warning  shock.  The  question 
was:  could  the  fish  distinguish  between  the  two  colors,  and 
learn  to  keep  away  when  the  yellow  pipette  entered  the 
water?  Of  course,  other  colors  were  used  alsoj  and  to  take 
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care  of  the  brightness  factor,  each  color  was  finally  tested 
against  a  whole  range  of  grays,  from  pure  white  to  absolute 
black — probably  a  more  conclusive  method  than  trying  to 
measure  the  brightness  values  of  different  colors  and  equate 
them. 

One  of  the  first  findings  was  that  the  untrained  black 
bass,  before  conditioning  had  started,  had  a  strong  preference 
for  red  over  all  other  colors,  with  yellow  in  second  place.  To 
the  bass  angler  this  means  that  a  red  lure  has  the  best  chance 
of  attracting  his  prey,  with  yellow  a  second  choice.  As  the 
experiments  proceeded,  it  developed  that  the  fish  learned 
quickly,  from  five  tx)  ten  trials  being  enough  for  them  to 
get  the  idea;  and  furthermore  that  they  learned  more 
quickly  to  avoid  the  color  which  brought  the  electric  shock 
than  to  approach  the  one  that  brought  food.  In  the  words  of 
the  report,  they  "learn  more  quickly  to  avoid  an  unpleasant 
stimulus  than  to  react  positively  to  a  pleasant  one."  In  terms 
of  survival  value  in  the  wild,  this  is  understandable:  one 
single  failure  to  avoid  death  (presumably  unpleasant)  is 
fatal,  whereas  failure  to  approach  food  (presumably  pleas- 
ant) may  be  repeated  quite  often  without  bringing  the  end. 

Memory  played  a  part  in  the  experiments.  The  fish  showed 
almost  perfect  retention  of  what  they  had  learned  from  one 
day  to  the  next,  and  some  were  able  to  go  for  a  week  with- 
out a  lesson  and  still  make  the  proper  response  when  tested. 
Vision  through  the  surface  film  was  demonstrated:  as  soon 
as  the  "food  color"  appeared  above  the  basin,  the  well  tu- 
tored little  fish  made  a  dash  for  the  place  where  it  cus- 
tomarily entered  the  water. 

In  the  end,  the  experiments  proved  that  the  bass  could  tell 
red  from  any  other  color  with  the  exception  of  violet,  and 
was  almost  equally  sure  on  yellow.  Greens  and  blues  were 
the  hardest  for  him  to  distinguish  from  each  other  and 
from  black.  Brightness  was  proved  to  play  no  part,  for  not 
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only  was  he  able  to  tell  the  training  red  from  any  of  the 
shades  of  gray,  but  if  he  were  offered  some  other  shade  of 
red,  he  would  choose  that  rather  than  any  of  the  grays. 
Without  any  indoctrination,  he  was  aware  that  there  was  a 
relationship  between  red  and  pink  which  did  not  exist  for  red 
and  gray!  And  the  final  conclusion  was  that  the  black  bass 
responds  in  color  vision  about  like  a  normal  human  being 
looking  through  a  pair  of  yellowish  glasses. 

At  this  point  we  must  remember  that  species  differ,  and 
that  other  fish  may  not  be  able  to  do  what  the  black  bass  can. 
Black  bass  and  trout  are  as  far  apart  in  the  taxonomic  scale 
as,  for  instance,  man  and  dog.  Dog  can  smell  odors  that  man 
cannot,  and  man  can  see  colors  that  dog  cannot.  Black  bass 
may  be  able  to  see  colors  that  trout  cannot  j  and  while  we 
know  from  experience  that  trout  do  have  what  affears  to 
be  color  discrimination,  we  have  no  experimental  proof  that 
in  this  case  it  is  not  actually  a  matter  of  brightness  dis- 
crimination. 

However,  to  the  fisherman  this  brightness  question  is  aca- 
demic. To  him,  it  does  not  matter  how  the  fish  tells  two 
colors  apart.  The  main  point  is  that  two  colors  which  look 
different  to  him  look  different  to  the  fish  also.  The  fish  can 
tell  a  blue  fly  from  a  red  fly.  That  being  the  case,  it  is  im- 
portant for  him  to  have  both  a  blue  fly  and  a  red  fly,  and 
flies  of  various  other  colors  and  combinations  of  colors  in  his 
book.  He  has  an  excellent  excuse  for  stocking  up  with  the 
various  patterns  which  the  tackle  store  offers,  for  the  fish 
can  tell  them  apart,  and  what  the  fish  like  one  day,  or  in  one 
stream,  they  may  not  like  another  day,  or  in  another  stream. 
But  it  is  possible  that  none  of  this  applies  to  dry  flies,  or  to 
wet  flies  fished  dry.  For  when  a  fly  is  on  the  surface,  with 
the  strong  light  behind  it,  it  is  doubtful  if  the  fish  can  see 
its  color.  Even  man  cannot  tell  the  color  of  a  small  object 
held  directly  against  a  strong  light.  It  becomes  just  a  black 
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silhouette.  It  is  probable  that  it  is  only  when  a  lure  is 
beneath  the  surface  that  its  color  can  be  told. 

Finally  we  come  to  a  question  which  has  little  to  do  with 
the  eyes  except  that,  in  man's  mind  and  through  man's  habit, 
it  is  associated  with  them.  Do  fish  sleep?  The  answer  is,  Yes 
— at  least  certain  species — if  the  opinions  of  the  majority  of 
scientific  observers  are  to  be  accepted.  After  all,  why  should 
the  mere  fact  that  a  fish  has  no  lids  with  which  to  close  its 
eyes  make  us  question  that  it  sleeps?  We  have  no  way  of 
closing  our  ears,  and  yet  we  sleep.  Sleep  is  a  state  in  which, 
among  other  things,  our  conscious  minds  are  temporarily 
disconnected  from  the  outside  world.  If  we  can  sleep  in  spite 
of  the  messages  which  our  ears  are  continually  sending  in  to 
headquarters — and  which,  in  a  large  city,  are  neither  few 
nor  faint — why  cannot  a  fish  sleep  in  spite  of  the  messages 
which  its  eyes  send  in?  It  is  all  a  question  of  what  you  are 
accustomed  to.  Fish  do  sleep.  Some  sleep  suspended  in  the 
water,  some  rest  erect  on  the  bottom,  some  lie  on  their  sides 
on  the  bottom.  The  "Slippery  Dick"  {Iridio  bivittata)^  a 
small  Bermuda  wrasse,  literally  goes  to  bed  and  pulls  the 
covers  over  its  head.  Put  one  into  a  tank  with  a  sand  bottom, 
and  go  back  at  night  and  switch  on  a  light,  and  there  is  no 
fish  to  be  seen.  You  have  to  look  very  closely  to  find  the 
small  crater  in  the  tiny  volcanic  peak  of  sand,  quietly  rising 
and  falling  as  your  fish  breathes,  which  marks  the  gill  open- 
ing. And  if  you  watch  this  disappearing  act,  you  find  that 
it  is  almost  like  a  magician's  trick:  the  fish  dives  slantingly 
into  the  sand,  gives  a  couple  of  strong  wiggles  with  its  tail, 
and  is  lost  to  sight. 

As  usual,  the  sharks  require  a  separate  paragraph.  In 
three  particulars,  their  eyes  differ  from  those  of  the  bony 
fishes.  The  lens  is  set  for  distant  rather  than  near-by  vision, 
and  in  some  species  cannot  be  moved.  The  amount  of  light 
entering  the  eye  can  to  a  certain  extent  be  controlled.  And 
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there  exists  a  kind  of  eyelid,  called  a  nictitating  membrane, 
which  contracts  into  the  forward  angle  of  the  eye  when  not 
in  use.  The  little  red  triangle  in  the  inner  corner  of  the 
human  eye  is  a  vestige  of  the  same  apparatus.  Just  what  the 
shark  does  with  it  is  something  no  one  seems  to  know. 


HEARING 


For  a  long,  long  time,  people  looked  at  fish,  saw  no  ears, 
nodded  their  heads,  and  repeated,  "Fish  cannot  hear."  Then 
a  Benedictine  monk  at  a  place  called  Krems,  in  Austria, 
started  keeping  trout  in  a  pond.  Being  of  a  romantic  nature, 
he  rang  a  dinner-bell  when  he  fed  them.  Before  very  long 
he  found  out  that,  whenever  he  stood  at  the  edge  of  the 
pond  and  swung  his  bell,  the  fish  gathered  for  their  meal. 
Experimental  evidence  of  the  simplest  and  seemingly  most 
conclusive  sort  that  fish  could  hear.  Then  came  a  skeptic. 
He  stood  on  the  bank,  swung  his  arm  in  the  air,  but  left  the 
dinner-bell  in  the  house.  The  hungry  fish  gathered  for  their 
meal  just  the  same.  Experimental  evidence  of  the  simplest 
and  seemingly  most  conclusive  sort  that  it  was  the  sight  of  a 
man  on  the  bank  swinging  his  arm,  and  not  the  sound  of  the 
bell,  which  attracted  the  fish.  And  ever  since,  people  have 
been  debating  whether  fish  hear. 

The  differences  of  opinion  have  been  due  to  differences 
in  structure.  Man  indisputably  has  an  ear,  a  visible  feature 
on  the  side  of  his  head  which  acts  as  a  funnel  to  collect 
sound-waves  coming  through  the  air.  This  is  called  the  outer 
ear.  From  it  a  passage  leads  to  the  middle  ear.  Here  are  lo- 
cated the  ear-drum,  which  is  set  in  vibration  by  the  sound- 
waves, and  the  ossicles,  the  three  little  bones  poetically 
named  anvil,  hammer,  and  stirrup,  which  transmit  those 
vibrations  to  the  inner  ear.  The  inner  ear  is  the  indispensable 
part  of  the  machine.  It  is  a  capsule  filled  with  fluid  and 
surrounded  by  bone.  It  contains  two  very  different  mecha- 
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nisms.  One  is  the  beautiful  and  delicate  spiral  cochlea,  in 
which  takes  place  the  actual  transformation  of  sound-waves 
into  nervous  impulses.  It  is  attached  to  a  sac-like  region 


Figure  13.  EARS,  FISH  AND  HUMAN 

On  the  left  is  the  inner  ear  of  the  fish,  on  the  right  that  of  the  human. 
Both  possess  the  three  semicircular  canals,  but  the  cochlea  (C),  the  organ 
in  which  sounds  are  actually  transformed  into  nerve  impulses  for  the 
human,  is  missing  in  the  ear  of  the  fish,  being  represented  only  by  a 
process  of  the  sacculus  (S)  called  the  lagena  (L).  This  is  one  of  the 
reasons  why  many  people  have  doubted  that  fish  hear  in  the  same  sense 
that  humans  do.  (Fish  ear  from  Wiedersheim,  Comfarative  Anatomy  of 
the  Vertebrates^  by  permission  of  the  Macmillan  Company,  publishers. 
Human  ear  redrawn  from  Martin,  The  Hmnan  Body^  Henry  Holt  and 
Company.) 

called  the  sacculus.  The  other  is  composed  of  the  three  semi- 
circular canals,  connected  to  another  sac  called  the  utriculus, 
which  serves  to  keep  us  standing  upright  and  going  straight 
ahead.  Our  ear,  therefore,  has  two  functions,  hearing  and 
equilibration  (Figure  13). 
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The  fish  has  no  outer  ear.  It  has  no  middle  ear.  It  does 
have  an  inner  ear,  embedded  in  the  bones  of  the  skull.  That 
inner  ear  has  the  three  semicircular  canals,  and  the  utriculus 
and  sacculus,  but  it  has  no  spiral  cochlea.  The  nearest  thing 
to  it  is  a  small  projection  of  the  sacculus  called  the  lagena, 
which  has  approximately  the  same  location  as  the  cochlea, 
but  none  of  its  delicate  machinery. 

Water  is  a  much  more  positive  conductor  of  sound-waves 
than  air.  Therefore,  the  absence  of  an  outer  ear  and  a  middle 
ear  would  not  in  themselves  preclude  the  possibility  of  the 
fish  hearing,  for  the  sound-waves  might  impinge  directly  on 
the  skull  with  enough  power  to  be  sensed.  Our  ear-drum  and 
its  ossicles  are  only  mechanisms  to  transmute  the  sound- 
waves in  air  into  sound-waves  in  the  liquid  of  the  inner  ear, 
and  the  fish  does  not  need  them  because  its  ear  is  already  in 
a  liquid,  the  water. 

But  the  absence  of  the  spiral  cochlea  is  another  matter.  It 
is  this  which  furnished  ammunition  for  those  who  did  not 
believe  that  fish  hear.  The  cochlea,  they  pointed  out,  is  in  us 
the  ultimate  instrument  for  hearing.  The  fish  has  no  cochlea, 
therefore  it  does  not  hear.  Because  two  things  are  not  alike, 
they  cannot  produce  the  same  result.  This  is  doubtful  logic, 
and  experimental  results  fail  to  support  it. 

Complete  proof  of  hearing  came  from  a  series  of  experi- 
ments on  goldfish  in  which  great  care  was  taken  to  meet  the 
objections  which  had  been  raised  against  previous  demon- 
strations. For  instance,  it  had  been  argued  that  such  noises 
as  are  made  by  tapping  on  a  tank,  or  by  placing  a  tuning- 
fork  against  the  side  of  the  tank,  are  not  heard  by  the  fish, 
but  sensed  by  him  through  the  skin  in  the  same  way  we  feel 
the  sound  when  we  place  our  hand  on  a  piano.  It  is  probably 
true  that  some  sounds,  especially  of  a  sharp  or  explosive 
nature,  do  reach  the  fish  in  this  way.  To  circumvent  this 
possibility,  the  experimenter  took  a  small  balloon,  placed  a 
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telephone  instrument  in  it,  and  submerged  the  whole  thing 
in  water.  Next  he  defined  hearing  in  fish.  "Any  disturbance," 
he  said,  "that  produces  hearing  through  the  human  ear  .  .  . 
calls  forth  hearing  in  fish  if  it  acts  through  the  ear  and  not 
simply  through  the  skin  or  some  other  organ."  Having 
cleared  the  atmosphere  of  quibbling,  he  was  ready  to  go 
ahead  with  his  experiment. 

He  produced  on  his  instrument  a  series  of  tones  beginning 
with  43  double  vibrations  per  second,  and  going  up  through 
86,  172,  and  so  on,  doubling  the  number  each  time.  He 
found  that  normal  goldfish  responded  to  all  vibrations  from 
43  to  2,752 — a  much  smaller  range  than  that  of  our  hearing, 
which  extends  from  30  to  30,000,  with  middle  C  at  256.  He 
then  performed  some  operations — and  this,  incidentally,  is  a 
simple  matter  in  fish.  All  that  is  necessary  is  to  place  a  little 
of  some  anesthetic,  like  urethane,  in  the  water,  and  when  the 
fish  go  to  sleep,  cut  them  up.  No  sterilization  of  instruments 
or  other  complicated  antisepsis  is  necessary  because  their  in- 
sides  are  very  resistant  to  infection.  He  first  removed  the 
sacculus,  with  its  lagena — ^which,  you  recall,  is  the  nearest 
approach  in  fish  to  a  spiral  cochlea.  This  destroyed  response 
to  1,376  and  2,752  double  vibrations  per  second.  He  next 
removed  the  utriculus,  and  found  that  this  destroyed  re- 
sponse to  344  and  688.  Conclusion:  vibrations  from  344  to 
2,752  are  sensed  by  the  ear  and,  therefore,  heard.  But  with 
both  of  these  organs  gone,  the  fish  still  responded  to  43, 
86,  and  172,  and  he  concluded  that  these  lower  frequencies 
came  through  the  skin  or  the  lateral  line,  and  were  thus  by 
definition  excluded  from  hearing.  Tests  on  the  catfish  showed 
that  it  received  vibrations  only  up  to  688,  and  that  below  172 
the  skin  played  a  part.  In  the  weakfish,  it  was  found  that 
removal  of  the  utriculus  and  its  three  semicircular  canals 
made  practically  no  difference  in  hearing,  but  that  elimina- 
tion of  the  sacculus  did. 
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And  from  a  noted  German  physiologist  there  came  in 
1938  reports  of  experiments  along  the  same  lines  as  those 
just  described.  Working  with  a  European  minnow  {Phox- 
inus  laevis)  and  with  one  of  the  common  catfishes  (Ameiurus 
nebulosus),  he  corroborated  in  general  the  earlier  findings 
and,  with  improved  techniques  and  more  sensitive  methods, 
proved  that  the  range  of  hearing  was  even  greater  than  had 
been  thought.  The  upper  limit  of  his  minnow's  ear  was  at 
7,000  vibrations  per  second  (A^),  while  his  catfish  reached 
13,000 — almost  as  high  as  in  human  beings.  Furthermore, 
in  conditioned  response  experiments,  the  minnows  showed 
tone-discriminating  ability,  intervals  as  small  as.  one-half 
tone  being  distinguished  by  the  most  musically  gifted  of 
the  subjects!  If,  without  the  cochlea,  such  fine  distinctions 
are  possible,  what  purpose  does  our  beautiful  spiral  serve? 
Possibly  the  quality  or  timbre  of  the  sound,  regardless  of  its 
position  in  the  diatonic  scale,  is  what  this  organ  registers  j 
possibly  without  it  the  high  C  in  the  most  gifted  soprano's 
aria  would  sound  no  better  to  us  than  the  same  note  in  a 
donkey's  bray. 

The  German  investigators  also  found  out  that  hearing 
was  more  acute  in  those  fishes  in  which  the  ear  is  connected 
in  one  way  or  another  to  the  air-bladder,  but  this  matter 
will  be  treated  in  the  chapter  to  be  devoted  to  that  organ. 
Suffice  it  to  say  at  this  point  that  we  have  incontrovertible 
proof  that  at  least  certain  species  of  fish,  including  the  cat- 
fish, minnow,  eel,  goldfish,  and  weakfish,  do  hear.  The 
sacculus  with  its  lagena  plays  the  important  part,  and  this 
is  borne  out  by  analogy  with  the  amphibians.  And  a  con- 
clusion that  we  may  permit  ourselves  is  that  if  these  species 
can  hear  without  a  spiral  cochlea,  it  is  perfectly  possible  that 
trout,  bass,  tarpon,  and  tuna  hear  without  a  spiral  cochlea 
also. 

The  question  which  inevitably  arises  at  this  point  is,  why 
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do  fish  hear?  The  concept  is  general  that,  except  in  the  shal- 
lows, sounds  are  rare  beneath  the  surface.  Sounds  made  in 
the  air  do  enter  the  water  to  some  extent,  but  only  with 
difficulty.  They  tend  to  bounce  back  off  its  surface,  and  the 
only  fish  which  seem  to  pay  much  attention  to  them  are 
the  group  just  mentioned  in  which  hearing  is  reinforced  by 
the  air-bladder — a  group  made  up  largely  of  shallow-water 
dwellers.  In  the  shallows,  hearing  can  understandably  be 
useful  to  fish.  But  what  about  the  fishes  of  the  open  sea,  those 
whose  lives  are  passed  in  what  we  had  been  led  to  believe 
was  the  all-pervading  hush  of  the  subsurface  ocean,  un- 
troubled by  the  rush  of  winds,  undisturbed  by  the  roar  of 
waves,  and  beyond  the  reach  of  man-made  noises?  The  truth 
is  that  the  all-pervading  hush  turns  out  to  be  a  myth,  and 
that  the  subsurface  ocean  is  a  pretty  noisy  place. 

An  emphatic  and  practical  demonstration  of  this  fact  oc- 
curred during  the  war.  Our  Navy  developed  a  highly  sensi- 
tive instrument  for  detecting  the  noise  of  submarines  under 
water,  and  was  about  to  put  it  triumphantly  into  service  when 
they  found  that  it  picked  up  so  many  other  sounds  that  the 
submarines  could  not  be  identified.  Most  of  these  noises 
were  made  by  submarine  animals,  and  it  was  not  until  they 
had  learned  to  screen  out  these  sounds  that  they  were  able 
to  use  the  instrument  against  submarine  vessels.  But  that 
there  are  plenty  of  noises  for  the  oceanic  fish  to  hear  can  no 
longer  be  doubted. 

Our  constant  exceptions,  the  sharks  and  rays,  have  audi- 
tory apparatus  as  complete  as  the  other  fish,  but  hear  poorly. 
This  is  to  be  expected,  for  their  skulls  are  cartilage,  not  bone. 
Bone  is  a  good  conductor  of  sound,  cartilage  is  not.  It  would 
be  only  with  difficulty  that  sound-waves  could  make  their 
way  through  it  to  the  inner  ear. 

The  sharks  and  rays  have  a  spiracle,  inherited  from  the 
common  Palaeozoic  ancestor,  but  absent  in  most  other  present- 
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day  fishes.  This  is  a  hole  in  the  top  of  their  heads  which 
leads  by  a  passage  to  the  mouth.  It  is  an  accessory  of  their 
breathing-system,  and  has  nothing  to  do  with  their  hearing. 
In  the  course  of  evolution,  however,  it  has  become  part  of 
the  auditory  apparatus,  for  the  higher  animals  have  made 
from  it  the  cavity  of  the  middle  ear,  and  the  passage  called 
the  Eustachian  tube  which  leads  from  the  inside  of  the  ear- 
drum to  an  opening  in  the  throat.  The  business  of  this  tube 
is  to  keep  the  pressure  on  the  two  sides  of  the  ear-drum  the 
same.  Its  lower  end,  in  the  throat,  is  closed  except  during 
the  act  of  swallowing.  When  your  ear-drums  feel  funny 
going  through  the  Holland  Tunnel,  it  is  because  atmospheric 
pressure  under  the  Hudson  River  is  greater  than  the  atmos- 
pheric pressure  on  New  York  streets.  The  former  is  on  the 
outside  of  your  ear-drum  5  the  latter,  brought  in  by  you,  is 
on  the  inside  J  and  the  ear-drum  has  to  keep  the  two  apart. 
When  you  swallow,  the  Hudson  River  atmosphere  enters 
the  Eustachian  tube,  the  pressure  on  the  two  sides  of  the 
drum  is  equalized,  and  you  are  a  happier  and  healthier 
man  than  if  the  shark  had  no  spiracle. 

And  while  we  are  on  this  trend  of  thought,  it  is  of  note 
that  the  little  bones  called  the  hammer,  anvil,  and  stirrup 
which  transmit  the  vibrations  from  our  ear-drums  to  our 
inner  ears  are  modifications  of  three  bones  at  the  rear  end  of 
the  fish's  jaw.  This  is  one  of  the  more  recent  discoveries  of 
science,  and  it  explains  why  the  fish  has  no  hammer,  anvil, 
and  stirrup.  He  is  still  using  them  to  eat  with. 

EQUILIBRIUM 

In  the  equilibrium  of  the  fish,  the  sacculus  and  lagena 
play  no  part.  The  German  investigators  mentioned  in  the 
preceding  section  found  that  removal  of  these  destroyed  true 
hearing  but  left  equilibrium  unimpaired  3   whereas  hearing 
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remained,  but  equilibrium  was  lost,  if  the  utriculus  and  the 
three  semi-circular  canals  were  excised. 

These  parts,  then,  compose  the  true  equilibrating  mecha- 
nism. Like  the  sacculus  and  lagena,  they  contain  a  fluid 
called  endolymph,  and  are  surrounded  by  the  fluid  of  the 
auditory  capsule.  The  three  canals  being  at  right  angles  to 
each  other,  a  turn  in  any  direction  brings  about  a  movement 
of  the  endolymph  in  at  least  one  of  them  through  force  of 
inertia,  which  is  registered  for  the  brain  by  appropriate 
nerves.  Further,  there  are  tiny  bulbs  made  of  bone,  which 
are  free  to  move  in  the  endolymph,  and  are  surrounded  by 
nerve  endings.  They  indicate  by  the  particular  nerve  endings 
on  which  they  rest  at  any  moment  whether  the  body  is  up- 
right, upside  down,  or  on  its  side. 

The  utriculus  and  its  connecting  canals  are  also  involved 
in  maintaining  the  muscular  tonus  of  the  fish.  The  muscles  in 
all  normal  living  creatures  are  never  completely  relaxed  j 
they  are  always,  even  when  at  rest,  alert  and  ready  for  action. 
But  if  the  nerves  coming  from  the  upper  inner  ear  are  cut, 
the  fish's  muscles  become  flabby — ^the  tonus  is  lost. 

The  whole  equilibrating  machinery  is  identical  with  ours. 
What  was  good  enough  for  the  fish  is  good  enough  for  vis. 
It  may  even  be  too  good  for  us,  for  our  problem  is  easier 
than  theirs.  What  we  see  helps  to  keep  us  going  straight  and 
right  side  up.  A  tuna  or  a  swordfish,  in  mid-ocean  and  far 
enough  down  to  be  out  of  sight  of  the  surface,  sees  nothing 
but  uniform  water.  It  has  no  landmarks  to  steer  by.  It  must 
have  the  automatic  control.  To  the  fresh- water  fishes,  which 
are  usually  in  sight  of  bottom  or  shore,  this  is  not  so  essential. 
Remove  the  machinery  from  such  a  fish,  and  it  at  first 
wobbles,  but  soon  learns  to  handle  itself.  Blindfold,  now, 
that  same  fish,  and  it  is  again  out  of  control — proof  that  the 
eyes  alone  are  capable  of  doing  the  work,  provided  they  have 
something  to  guide  on.  This  suggests  the  thought  that  it  is 


The  Senses  and  the  Nervous  System  109 

just  possible  that  the  automatic  equilibrating  system  is  not 
indispensable  to  us,  who  live  on  land  and  have  a  strong 
force  of  gravity  to  tell  us  what  is  up  and  down  and  things 
to  look  at  to  tell  us  which  is  right  and  left.  Perhaps  we 
should  never  have  developed  such  a  system  by  ourselves. 
Perhaps  it  is  only  because  the  animals  from  which  we  are 
descended  lived  in  the  unmarked  waters  that  we  have  it. 
And  yet,  if  we  did  not  have  it,  we  might  have  more  difficul- 
ties flying  our  airplanes  than  we  do.  Perhaps  it  is  only  be- 
cause we  come  from  fish  that  we  are  able  to  learn  to  fly. 


LATERAL   LINE 


In  close  connection  with  the  ear  is  that  mysterious  organ, 
the  lateral-line  canal.  It  is  an  organ  found  only  in  animals 
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Figure   14.  DIAGRAMMATIC  REPRESENTATION  OF  THE 
LATERAL-LINE  SYSTEM 

dwelling  in  the  water.  It  is  visible  on  most  fish — with  the 
exception  of  the  gobies,  and  with  the  more  notable  excep- 
tion of  the  guppies,  sword-tails,  platies,  and  other  killifishes 
— as  a  line  extending  along  the  side  from  the  gill  opening  to 
the  tail.  It  consists  of  a  tube  beneath  the  skin,  filled  with 
mucus,  and  opening  to  the  exterior  at  intervals  through  pores 
which  may  pass  either  through  the  scales  or  between  them. 
In  most  fish  it  continues  on  to  the  head,  where  it  breaks  up 
into  several  branches,  but  these  are  generally  buried  in  the 
surface  bones  of  the  skull  and  therefore  invisible.  Beneath 
the  canal  runs  a  nerve  which  at  frequent  intervals  sends  out 
branches  to  it,  each  branch  having  a  sensory  ending.  In  some 
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fish  there  are  several  canals  on  each  side,  and  in  some  the 
line  is  broken  rather  than  continuous. 

The  purpose  of  this  organ  was  for  long  a  mystery,  and 
many  guesses  were  made  about  it,  until  an  American  scien- 
tist settled  the  question  by  a  simple  but  ingenious  and  logical 
set  of  experiments.  He  operated  on  certain  fish,  cutting  the 
nerve  which  connected  the  lateral  line  with  the  brain,  and  he 
left  intact  other  fish  of  the  same  species.  After  the  operated 
fish  had  recovered  he  put  them  all  through  a  series  of  tests 
to  find  out  what  the  normal  fish  could  do  that  the  operated 
fish  could  not  do.  He  found  that  they  were  alike  in  every 
way,  except  that  the  normal  fish  would  respond  to  vibrations 
of  low  frequency  in  the  water  whereas  the  operated  fish 
would  not.  Later  experiments  in  England,  using  an  oscillo- 
graph to  measure  the  electric  discharges  in  the  lateral-line 
nerve,  have  brought  corroborating  evidence,  and  we  now 
know  without  doubt  that  at  least  one  function  of  the  lateral 
line  is  to  receive  low-frequency  vibrations. 

It  is,  therefore,  very  like  a  hearing  organ,  with  the  dif- 
ference that  the  vibrations  which  it  receives  are  of  a  fre- 
quency so  low  that  they  would  reach  our  ears  only  as  a 
series  of  intermittent  noises,  or  more  likely  would  not  be 
heard  at  all.  These  vibrations  are  such  as  might  be  caused 
by  the  straining  of  an  oar  against  an  oarlock  in  an  angler's 
boat,  or  by  his  footfall  as  he  moves  along  the  bank  of  a 
stream.  Or,  to  use  a  simile  more  in  keeping  with  the  normal 
life  under  water,  they  might  be  caused  by  the  passing  of 
another  fish,  or  by  nearness  to  an  obstacle  which  would  send 
back  through  the  water  the  vibrations  caused  by  an  approach- 
ing fish.  In  the  detection  of  such  disturbances  the  lateral  line 
would  serve  almost  as  a  long-distance  touch  organ — a  method 
of  touching  an  object  without  being  actually  in  contact  with 
it,  which  might  be  especially  useful  in  avoiding  obstacles  in 
the  dark  corners  of  pools  and  streams,  or  in  finding  mates  or 
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prey  in  parts  of  the  sea  where  light  does  not  reach.  The 
lateral-line  canal,  therefore,  operates  on  the  principle  of  a 
hearing  organ,  but  functions  more  as  an  accessor)^  organ  of 
touch.  Lacking  the  abilit)-  to  imagine  just  what  its  messages 
mean  to  the  fish's  brain,  we  are  probably  explaining  its  nature 
to  ourselves  as  well  as  we  can  if  we  say  that  it  is  an  organ 
which  combines  the  senses  of  hearing  and  touch. 

XtTY  recently  another  activity  of  the  lateral  line  has  been 
discovered.  It  helps  the  fish  to  recognize  heat  and  cold.  The 
fish's  situation  in  this  regard  is  difficult  for  us  to  imagine,  for 
it  is  normally  at  the  same  temperature  as  the  water  in  which 
it  lives,  whereas  we  are  normally  at  98  degrees  while  the 
air  may  be  at  no  degrees  or  below  zero.  We  are  designed 
to  operate  at  a  constant  temperature,  and  when  we  suffer 
from  cold  or  heat  it  is  a  warning  that  the  temperature  out- 
side our  bodies  is  attempting  to  invade  the  inside,  and  that 
we  had  better  make  efforts  either  to  get  warm  or  to  cool  off. 
The  fish's  sufferings  from  cold  or  heat,  if  any,  are  obviously 
different,  since  he  makes  no  such  efforts.  When  the  water 
is  warm,  he  is  warm,  and  when  the  water  is  cold,  he  is  cold. 
Such  discomfort  as  he  feels,  if  any,  is  caused  by  whatever 
difficulty  his  insides  may  have  in  carr\-ing  on  their  work  at 
high  or  low  temperatures.  However,  occasion  sometimes 
offers  for  the  fish  to  go  abruptly  from  colder  into  warmer 
water  or  z'ice  versa.  If  he  does  this,  he  is  in  the  condition 
to  which  we  are  accustomed,  with  his  insides  at  a  different 
temperature  from  the  outside.  Lacking  our  control  mecha- 
nism, his  insides  then  change  temperature  rapidly,  and  this 
is  bad  for  him.  The  hormonal  machinery  which  helps  to 
adjust  his  metabolic  rate  to  temperature  conditions  takes  time 
to  get  into  action.  This  is  why  many  fish  which  can  stand 
considerable  extremes  of  temperature  when  the  change  is 
gradual  die  when  the  change  is  sudden.  To  prevent  unwit- 
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ting  suicide  by  warning  him  when  the  water  which  he  is 
entering  is  colder  or  warmer  than  the  water  he  has  left  is 
a  duty  of  the  lateral  line. 

And  only  recently,  one  of  the  long-standing  misconceptions 
about  the  lateral  line  has  been  cleared  up.  Scientists  of  old 
looked  at  the  lateral  line,  scratched  their  heads,  and  tried  to 
imagine  what  uses  it  might  be  put  to.  Someone  suggested 
that  the  fish  ought  to  have  some  way  of  sensing  currents, 
and  that  seemed  like  a  happy  thought.  Contentedly  the  scien- 
tists wrote  down  in  their  books,  "Lateral  line:  current  de- 
tector," and  put  the  matter  out  of  their  minds.  This  was  not 
even  theorizing  j  it  was  plain  guesswork. 

The  fact  is  that  the  fish  detects  currents  in  the  same  way 
you  do.  If  you  are  swimming  in  the  middle  of  the  Gulf 
Stream  out  of  sight  of  land,  the  whole  body  of  water  sur- 
rounding you,  on  account  of  the  uniformity  of  its  motion 
and  the  fact  that  you  can  see  nothing  else,  appears  to  be 
standing  still,  and  you  do  not  realize  that  you  are  being  car- 
ried along  at  anywhere  from  two  to  four  miles  an  hour.  If, 
now,  the  water  were  suddenly  to  grow  so  shoal  that  you 
could  touch  bottom,  or  if  the  shore-line  were  suddenly 
brought  out  to  where  you  could  see  it,  you  would  know  that 
the  water  was  not  stationary,  for  the  speed  at  which  you 
dragged  over  the  bottom  or  at  which  things  on  shore  moved 
by  you  would  be  quite  at  variance  with  the  exertions  you 
were  putting  forth  in  swimming.  In  the  same  way,  the  fish 
recognizes  that  it  is  in  a  current  by  the  fact  that  it  has  to 
swim  in  order  to  keep  up  with  things  on  shore,  or  to  keep 
from  being  dragged  over  things  on  the  bottom.  Differential 
currents,  coming  into  still  water  or  striking  at  an  angle  to  or 
a  different  speed  from  the  main  current,  may  conceivably 
have  an  effect  on  the  lateral  line,  but  the  principal  "current 
detectors"  are  the  eyes  and  the  skin. 
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TOUCH 

Touch  is  the  most  fundamental  sense  in  the  animal  king- 
dom. It  exists  in  the  lowest  forms,  and  it  is  probable  that 
many  of  the  other  sense-organs  of  the  higher  animals  were 
derived  from  organs  of  touch.  In  the  fish,  the  touch  papillae 
are  spread  over  the  surface  of  the  skin,  as  they  are  in  man. 
The  whole  system  is  so  similar  to  our  own  that  we  do  not 
need  to  go  into  it  here. 

SMELL   AND   TASTE 

The  senses  which  have  been  discussed  so  far  are  all  alike 
in  that  they  may  be  called  physical  senses:  they  all  receive 
physical  phenomena — sound-waves,  light-waves,  heat,  pres- 
sure, contact — and  transform  them  into  nervous  energy.  The 
two  remaining  popular  senses,  smell  and  taste,  are,  in  con- 
trast, chemical  senses:  they  transform  chemical  phenomena 
into  nervous  energy. 

That  the  sense  of  smell  is  present  in  fish  has  long  been 
believed  by  dam-tenders  and  small  boys  from  their  experi- 
ences with  lampreys.  Lampreys  are  primitive,  jawless,  finless, 
eel-shaped,  fish-like  animals  which  make  a  living  in  the 
ocean  by  attaching  themselves  with  their  suctorial  oral  disks 
to  decent  fish  and  gouging  out  flesh  and  blood  with  their 
rasp-like  "tongues."  Like  the  salmon,  they  come  into  fresh- 
water streams  to  spawn,  and  are  often  found  in  great  num- 
bers at  dams,  being  able  to  surmount  low  ones  by  attaching 
to  the  surface  with  their  oral  disks  and  hitching  upward  like 
"inch-worms."  If  you  spit  in  the  water  above  such  an  aggre- 
gation of  lampreys,  they  loosen  their  hold  and  dash  off  in 
all  directions,  presumably  because  of  the  repulsive  or  fear- 
inspiring  odor  of  human  saliva.  On  a  different  level,  palaeon- 
tologists have  long  believed  that  the  sense  of  smell  exists  in 
fish  because  they  have  found  in  fossil  fishes  hollows  in  the 
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inside  of  the  skull  which  they  are  sure  harbored  the  cranial 
elements  of  what  must  have  been  an  olfactory  apparatus. 

In  the  present-day  fishes  the  receptors  of  smell  are  lo- 
cated, like  ours,  in  the  nostrils,  but  the  nostrils  are  not  like 
ours.  They  are  little  holes  in  the  top  of  the  snout,  but  instead 
of  connecting  with  the  throat  by  a  passage,  they  open  into 
small  blind  sacs  just  under  the  skin,  and  go  no  further.  The 
sacs  are  lined  with  the  organs  of  smell.  There  are  two  such 
sacs,  one  on  each  side  of  the  snout,  and  in  most  fishes  there 
are  two  external  openings,  two  nostrils,  one  behind  the  other, 
connecting  with  each  sac.  To  bring  the  water  carrying  the 
odors  into  the  sac  where  the  organs  are,  there  are  either 
muscles,  or  little  moving  hairs  called  cilia,  which  keep  a 
current  flowing  in  the  front  opening  and  out  the  rear. 

The  fish's  tongue  is  a  flat  cartilaginous  and  gristly  projec- 
tion from  the  floor  of  the  mouth.  It  has  no  muscles,  and  it 
cannot  move,  but  it  does  have  taste-buds  which  experiment 
has  proved  do  distinguish  between  at  least  some  of  the  flavors 
which  our  taste-buds  sense.  Many  fish  are  insensitive  to  sweet 
flavors,  perhaps  because,  as  our  experience  indicates,  few 
things  from  under  the  water  taste  sweet;  but  many  species 
have  an  acute  sense  of  sour,  salt,  and  bitter. 

We  are  all  aware  of  the  fact  that  taste  and  smell  are  closely 
related.  The  principal  difference  is  that  we  can  smell  things 
at  a  distance,  while  we  can  taste  things  only  when  we  are 
in  contact  with  them.  The  explanation  of  this  is  that  the 
tongue  must  have  a  much  stronger  stimulus  than  the  nostrils. 
The  very  small  amount  of  material  that  reaches  us  through 
the  air  from  a  distant  body  will  form  a  solution  on  the  moist 
surfaces  of  both,  but  it  is  too  dilute  to  have  any  effect  on 
the  tongue,  and  only  the  nostrils  register  it.  The  sense  of 
taste  appears  to  have  been  designed  to  tell  animals  whether 
what  they  have  taken  into  their  mouths  is  edible  or  not.  What 
tastes  good  is,  in  general,  good  to  eat.  The  sense  of  smell  is 
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like  a  sense  of  taste  operating  at  a  distance.  It  helps  the  ani- 
mal to  find  what  is  good  for  it  to  take  into  its  mouth. 

The  catfish  is  an  excellent  example  of  this.  The  catfish 
often  feeds  on  detritus  lying  in  the  muddy  bottom.  It  seems 
to  have  given  up  using  its  eyes  to  locate  food,  but  it  wears 
on  its  chin  some  projections  called  barbels,  which  are  pro- 
vided with  taste-buds.  They  are  auxiliary  tongues.  As  soon 
as  food  is  put  into  the  animal's  tank,  it  shows  excitement, 
and  begins  to  swim  about  over  the  bottom.  This  is  due  to 
smell.  But  it  is  not  until  a  barbel  touches  a  fragment  of  food 
that  it  is  seized  and  eaten.  This  is  taste.  And  some  catfish 
even  go  so  far  as  to  have  taste-buds  all  over  their  bodies. 
The  remarkable  creatures  can  actually  taste  with  their  tails 
— doubtless  a  useful  adjunct  when  searching  for  food  in  dark 
waters. 

The  sharks  have  a  very  keen  sense  of  smell,  on  which  they 
depend  entirely  for  locating  food.  Put  a  broken-up  crab  into 
a  dogfish's  tank  (a  dogfish  is  a  small  species  of  shark),  and 
it  starts  swimming  in  a  rough  figure  eight.  Gradually  it 
draws  near,  but  it  is  not  until  it  is  right  on  top  of  the  bait 
that  it  seems  to  see  it  and  grasp  it.  Its  eyes,  as  you  recall, 
have  little  if  any  ability  to  focus  for  distance,  and  its  vision 
is  probably  poor.  If  the  animal's  nostrils  are  put  out  of  com- 
mission by  stuffing  them  with  cotton  soaked  in  vaseline,  it 
shows  no  consciousness  of  the  food  at  all.  If  only  one  nostril 
is  so  treated,  it  finds  the  crab,  but  instead  of  making  figure 
eights,  it  circles  in  one  direction  only,  with  the  unobstructed 
nostril  on  the  inside  of  the  circle.  This  complete  dependence 
on  smell  may  be  the  explanation  of  why  sharks  aie  apt  to 
leave  potential  prey  alone  unless  it  is  wounded.  Their  eyes 
are  incapable  of  telling  them  that  food  is  at  hand,  and  they 
must  wait  until  the  odor  of  flesh  reaches  their  nostrils. 

Few  fish  have  as  keen  a  sense  of  smell  as  this.  Some,  like 
the  cichlids,  with  only  one  opening  to  each  nasal  sac,  appear 
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to  have  none  at  all,  and  many  others  use  sight  much  more 
than  smell  in  feeding.  Certainly  the  trout  rising  for  surface 
food  depends  solely  on  its  eyes.  But  trout  and  salmon,  and 
the  other  game  fish  so  far  as  is  known,  do  smell,  and  in  some 
this  sense  is  very  acute. 


OTHER   SENSES 


The  existence  of  the  kinesthetic  sense  in  fish  is  one  thing 
which  it  might  be  expected  that  we  should  never  be  able 
to  demonstrate.  If  you  close  your  eyes,  and  I  take  hold  of 
your  arm  and  lift  it  until  it  sticks  straight  out  in  front,  and 
ask  you  where  your  arm  is,  and  you  answer  correctly,  and  if 
I  then  move  it  so  that  it  sticks  out  at  the  side,  and  you  again 
give  the  correct  answer,  I  know  that  you  have  the  kinesthetic 
sense.  From  this  it  would  be  only  natural  to  assume  that 
until  fish  learned  to  talk  there  would  be  no  way  of  testing 
them  for  this  sensibility.  However,  scientists  are  impatient, 
inquisitive,  and  inventive.  By  delicate  measurements  they 
have  recently  shown  that  the  electrical  discharge  from  the 
lateral-line  nerve  varies  with  the  amount  of  tension  in  the 
body  muscles.  No  one  has  yet  followed  this  lead  far  enough 
for  certain  proof,  but  the  indication  is  that  the  lateral  line, 
in  addition  to  its  other  functions,  keeps  the  fish  advised  of 
the  disposition  of  its  body,  and  that  the  kinesthetic  sense 
does  exist. 

Of  the  sense  of  pain  we  can  speak  with  more  definiteness, 
but  as  we  shall  be  in  a  better  position  to  do  so  after  we  have 
considered  the  fish's  brain,  we  shall  leave  it  until  then. 


THE  BRAIN 


It  is  the  intention  of  this  book  to  give  the  reader  not  a 
detailed  knowledge  of  the  physiology  of  fish,  but  a  general 
understanding  of  why  fish  behave  as  they  do.  It  would  be 
out  of  place,  therefore,  to  go  into  a  particularized  description 
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of  the  brain,  the  cranial  nerves,  the  nerve  areas  in  the  spinal 
cord,  the  spinal  nerves,  and  the  sympathetic  nerves. 

All  we  need  to  know  is  that  basically  the  nervous  system 


Shark 


Trout 


Figure  15.  BRAINS 


In  the  three  brains  shown  above,  that  of  the  dog  is  on  a  dijfferent  scale 
from  the  other  two,  which  are  in  reality  very  much  smaller.  It  is  to  be 
noted  that  the  cerebral  hemispheres  (CH),  the  parts  of  the  brain  used  for 
reasoning  and  imagination,  are  large  and  highly  folded  in  the  dog,  rudi- 
mentary in  the  shark  and  the  trout.  The  olfactory  regions  (OL)  are  very 
highly  developed  in  the  shark — in  proportion  even  more  than  in  the  dog 
— and  are  small  in  the  trout.  On  the  other  hand,  the  optic  lobes  (O)  are 
comparatively  tremendous  in  the  trout}  in  the  dog  they  are  hidden  beneath 
the  cerebral  hemispheres.  The  medulla  (M),  the  part  of  the  brain  where 
simple  responses  originate,  is  largest  in  the  shark  and  smallest  in  the  dog. 
The  cerebellum  (CB)  is  more  important  in  the  fish  brains  than  in  that  of 
the  dog.  It  is  obvious  that  the  brain  of  the  shark  is  dominated  by  the 
olfactory  area,  that  of  the  trout  by  the  optic  area,  and  that  of  the  dog 
by  the  reasoning  area.  (From  Wiedersheim,  Comfaratwe  Anatomy  of  the 
Vertebrates^  by  permission  of  the  Macmillan  Company,  publishers.) 


is  the  same  as  in  higher  animals,  with  one  set  of  nerve-fibers 
to  carry  sense-impressions  from  the  sense-organs  to  the  spinal 
cord  and  the  brain,  another  set  of  nerves  to  carry  orders  from 
these  centers  out  to  the  muscles,  and  a  sympathetic  system 
to  control  the  "automatic"  workings  of  the  internal  organs. 
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At  the  same  time,  the  brain  is  a  very  much  smaller  and 
simpler  structure  than  it  is  in  the  higher  animals.  In  man 
the  weight  of  the  brain  in  proportion  to  the  body  is  much 
greater  than  in  fish.  In  man  the  outstanding  feature  of  the 
brain  is  the  highly  convoluted  cortex  of  the  cerebral  hemi- 
spheres, the  thought  center  which  dominates  all  the  restj  in 
the  fish  there  are  practically  no  cerebral  hemispheres,  and 
the  dominating  features  are  the  parts  which  have  to  do  with 
the  eyes,  called  the  optic  lobes. 

The  principal  exception  is,  as  usual,  the  shark.  In  spite  of 
being  a  primitive  fish  the  shark's  brain  is  more  like  that  of 
the  higher  animals  than  is  the  brain  of  the  bony  fish,  con- 
taining a  more  advanced  stage  of  the  rudiments  of  the 
cerebral  hemispheres.  Another  difference  is  that  the  olfac- 
tory lobes,  not  the  optic,  are  the  predominant  features  of  the 
shark's  brain.  The  relative  proportions  indicate  that  the  bony 
fish  is  an  animal  whose  actions  are  motivated  largely  by  what 
it  sees,  whereas  the  shark  depends  to  a  great  extent  on  what 
it  smells  J  and  the  differences  in  behavior  in  the  two  groups 
show  that  this  is  in  general  true. 

Having  surveyed  the  fish's  sense-organs  and  nervous  sys- 
tem, we  are  now  in  a  position  to  consider  that  much  discussed 
question,  "Do  fish  feel  pain?"  How  the  answer  can  be  any 
other  than  an  unqualified  yes  is  hard  to  see.  But  if  the  ques- 
tion is  changed  to  "Do  fish  suffer?" — or,  better  still,  "Do  fish 
suffer  as  human  beings  do?" — then  there  is  room  for  argu- 
ment. One  of  the  earlier  psychologists,  William  James, 
maintained  that  our  feelings  are  the  result  rather  than  the 
cause  of  our  expressions  of  emotion.  His  theory  that,  "We 
are  sad  because  we  weep,  not  we  weep  because  we  are  sad," 
and,  "We  are  happy  because  we  laugh,  not  we  laugh  be- 
cause we  are  happy,"  was  well  known  to  an  earlier  generation 
of  college  students.  If  there  is  any  truth  in  this — and  cer- 
tainly there  is  to  the  extent  that  we  can  make  ourselves 
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happier  by  laughing,  sadder  by  weeping — then  the  poor  fish 
has  no  emotions  comparable  to  ours,  for  he  can  neither  laugh 
nor  weep.  However,  there  are  some  feelings  which  he  can 
express.  He  can  express  hunger  by  searching  for  food.  He 
can  express  anger  by  expanding  his  fins  and  gill  covers  and 
attacking  his  enemy.  He  can  express  love  by  pursuing  the 
female  of  the  species.  He  may  also  have  other  ways  of  ex- 
pressing his  feelings,  and  one,  at  least,  we  can  understand, 
because  we  sometimes  use  it  ourselves:  flight  from  what  he 
fears. 

Pain  seems  to  be  an  instrument  which  nature  has  devised 
for  the  preservation  of  the  individual.  What  tends  to  destroy 
hurts,  and  is  avoided.  If  putting  your  hand  on  a  hot  stove 
brought  no  pain,  but  only  a  sizzling  sound,  a  little  smoke, 
and  a  faintly  appetizing  odor,  you  would  not  be  nearly  so 
expert  in  avoiding  burns  as  you  are.  By  the  same  token,  if  it 
did  not  hurt  a  fish  when  another  fish  ate  it,  that  fish  would 
not  be  nearly  so  desirous  of  avoiding  the  experience  as  it 
actually  is.  Why  does  a  Siamese  fighting  fish  dart  aside  each 
time  it  is  bitten  by  its  opponent  in  a  fight,  if  the  bite  does 
not  give  it  pain? 

All  of  the  foregoing  is  obvious,  and  yet  many  people,  of 
whom  I  am  one,  shrink  from  killing  a  deer,  but  have  no 
scruples  about  the  often  more  lingering  death  which  they 
inflict  on  a  trout.  They  like  to  tell  themselves  that  it  is 
because  the  fish  cannot  feel  pain,  while  the  real  reason  is 
that  the  fish,  regardless  of  what  it  feels,  cannot  express  pain. 
If  every  trout  were  to  scream  unceasingly  as  long  as  it  had  a 
hook  in  its  mouth,  trout-fishing  would  be  a  nerve-shattering 
experience  which  few  of  its  present  devotees  could  undergo 
more  than  once. 

However,  in  defense  of  the  fisherman,  I  find  two  reasons 
for  believing  that  the  fish's  suffering  is,  comparatively  speak- 
ing, slight.  One  is  that  the  actual  sensation  of  pain  is  appar- 
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ently  not  so  keen  in  fish  as  in  some  of  the  higher  animals. 
The  other  is  that  the  brain  of  the  fish,  lacking  the  cerebral 
cortex  of  which  we  spoke,  fails  to  provide  a  home  for  the 
conscious  association  of  ideas,  and  therefore  robs  pain  of  an 
imagination  to  work  on.  The  well-known  and  authentic  tale 
of  the  fish  which  was  caught  with  its  own  eye  illustrates  both 
my  points.  This  poor  fish  was  foul-hooked,  and  the  only 
way  to  remove  the  hook  was  to  remove  one  of  the  eyes. 
The  fisherman  decided  he  did  not  want  his  catch,  and  re- 
placed it  in  the  water.  It  then  occurred  to  this  man,  who 
must  have  been  of  an  experimental  turn  of  mind,  to  see  how 
good  a  bait  the  eye  might  be,  so  he  placed  it  on  the  hook 
and  dropped  it  in  the  water,  to  pull  out  a  few  minutes  later 
the  very  fish  from  which  the  eye  had  been  taken.  Now,  dis- 
regarding its  failure  to  recognize  its  own  eye,  which  is  hardly 
surprising  in  view  of  the  fact  that  it  had  never  seen  it  before, 
the  points  to  bear  in  mind  are  these:  first,  that  a  very  short 
time  after  the  removal  of  the  eye  its  pain  from  that  oper- 
ation was  so  unimportant  that  it  was  out  and  about  prospect- 
ing for  food  J  and  second,  that  the  pain  which  had  resulted 
from  taking  into  its  mouth  a  bait  on  a  hook  on  a  line  made 
so  little  impression  on  its  mind  that  it  did  the  same  thing 
again  a  very  few  moments  afterward.  Number  one,  physical 
sensation  of  pain  not  very  keenj  number  two,  mental  im- 
pression of  pain  not  very  keen  or  else  very  quickly  forgotten. 
And  pain  that  is  forgotten  is  no  longer  pain. 

Naturally  fishes  vary,  not  only  as  between  individuals  but 
also  as  between  species.  Some  are  more  sensitive  than  others, 
some  learn  more  than  others.  But  at  best  fishes  are  reflex 
animals.  There  are  no  inhibitions,  no  moments  of  hesitation 
to  think  about  the  desirability  of  doing  or  not  doing  a  given 
thing.  The  sight  of  food  means  open  the  mouth  and  snatch, 
the  sight  of  a  larger  enemy  means  run  and  hide,  each  with- 
out stopping  to  consider  whether  the  food  is  really  beneficial 
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or  the  enemy  really  dangerous.  To  be  sure,  fish  can  learn. 
We  all  know  trout  that  have  learned  to  avoid  flies  with 
visible  lines  attached  to  them.  But  here  again  we  may  permit 
ourselves  to  guess  that  it  is  probably  not  so  much  a  case  of 
the  trout  saying  to  itself,  "There  is  what  looks  like  a  nice 
morsel,  but  it  has  a  line  tied  to  it,  and  flies  with  lines  tied 
to  them  hurt,  and  trout  that  eat  them  go  away  and  do  not 
come  back,"  as  it  is  a  case  of,  "Line  on  water  .  .  .  run  and 
hide" — just  as  pure  a  primary  reflex  action  as  when  you  pull 
your  hand  away  from  a  hot  stove. 

Trying  to  imagine  what  goes  on  in  the  fish's  brain  is  a 
dangerous  proceeding,  and  one  wholly  unbecoming  to  a 
scientist,  but  it  is  permissible  to  a  layman,  and  any  layman 
who  did  try  it  might  not  be  far  wrong  if  he  concluded  that 
a  fish  on  the  end  of  a  line  had  a  dull  sensation  of  physical 
pain  at  the  point  where  the  hook  held  it  5  that  it  felt  fear 
and  discomfort  from  the  restriction  of  its  movements  5  and 
that  it  learned  that  a  line  was  a  thing  to  avoid,  to  the  point 
that  in  future,  provided  it  succeeded  in  having  a  future,  it 
ran  for  cover  each  time  it  saw  one.  But  that  this  fish  hence- 
forth went  about  in  fear  of  lines,  or  that  it  bore  in  its  mind 
a  memory  of  the  pain  caused  by  a  hook,  or  even  that  the 
sight  of  a  line  brought  back  to  its  mind  the  pain  caused  by  a 
hook,  would  be  an  unjustifiable  conclusion. 

And  in  this  connection  the  question  of  how  much  fish 
actually  learn  is  worth  taking  a  look  at.  We  speak  of  "edu- 
cated trout"  in  certain  streams,  and  we  say  that  the  larger 
fish  are  harder  to  catch  because  they  are  older  and  have  had 
a  chance  to  learn  more.  Obviously  fish  do  have  a  capacity  for 
learning — that  has  been  proved  by  laboratory  experiment  as 
well  as  by  field  observation — but  just  as  obviously,  all  the 
fish  that  are  hard  to  catch  have  not  had  personal  experience 
with  the  hook  which  has  taught  them  to  avoid  it.  Do  we 
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mean,  then,  that  fish  learn  from  each  other?  Or  are  we  per- 
haps trying  to  put  our  explanations  on  too  high  a  plane? 

I  am  inclined  to  tiiink  that  this  is  the  case,  and  that 
hereditary,  or  environmentally  produced,  caution  plays  a 
larger  part  than  learning.  In  streams  which  are  continually 
disturbed,  the  fish  are  in  a  constant  state  of  fright.  Anything 
the  least  bit  out  of  the  ordinary  will  make  them  hide,  and 
it  is  only  when  conditions  are,  so  to  speak,  "supernormal," 
that  they  will  come  out  and  feed.  They  are  "educated"  only 
in  that  they  are  in  a  state  of  chronic  wariness. 

As  for  the  big  fish,  they  are  harder  to  catch  than  the  little 
ones  because  they  are  wary,  and  they  are  big  because  they 
are  wary,  and  they  are  wary  partly  because  of  what  they 
have  learned,  but  largely  because  they  were  born  that  way. 
If  they  had  not  been  born  that  way  they  would  not  have 
lived  to  grow  big.  The  fish  that  are  easy  to  catch  all  get 
caught  when  they  are  small,  for  life  is  a  struggle,  and  the 
rash  little  fi.sh  which  goes  around  poking  its  nose  into  every- 
thing which  arouses  its  curiosity  soon  becomes  a  victim  of 
one  enemy  or  another,  beast  or  human.  But  the  fish  which  at 
birth  is  constitutionally  supplied  with  more  than  the  usual 
share  of  caution  lives  to  grow  old  and  large,  and  to  become 
the  anguish  and  the  delight  of  the  angler. 


CHAPTER    VI 

The  Air-Bladder 

ONCE  upon  a  time,  all  the  bony  fishes  breathed  air.  This 
was  many,  many  million  years  ago,  long  before  there  were 
any  human  beings.  The  bony  fishes  were  then  living  in 
streams,  lakes,  pools,  and  swamps,  where  they  at  first  breathed 
only  water.  When,  in  the  Devonian  era,  the  climate  changed, 
the  inland  waters  began  to  dry  up  and  stagnate.  They  no 
longer  contained  enough  oxygen  to  sustain  animal  life.  By 
processes  which  we  still  do  not  entirely  understand  but 
which  we  name  evolution,  .the  fish  acquired  a  pouch,  open- 
ing out  of  the  throat,  into  which  air  could  be  taken  to  pro- 
vide the  oxygen  which  the  water  no  longer  held. 

By  the  time  the  climate  changed  again  and  the  waters 
increased  once  more,  some  of  the  fishes,  armed  with  the  new 
pouch  which  made  them  free  of  water,  had  gone  out  on 
land  and  become  amphibians  and  reptiles.  A  few  remained 
in  the  water  but  kept  on  breathing  air,  like  the  present  Afri- 
can lung-fish.  The  majority  ceased  to  breathe  air  and  went 
back  to  complete  water-dwelling,  but  they  retained,  and 
still  carry,  the  remains  of  that  pouch  without  which  they 
would  have  perished.  It  is  now  called  the  air-bladder.  And 
so  both  the  human  lungs  and  the  fish's  air-bladder  derive 
from  the  same  primitive  respiratory  sac. 

The  sharks  and  rays  lack  all  trace  of  an  air-bladder.  All 
the  bony  fishes  alive  today  either  have  an  air-bladder,  or 
show  that  they  once  had  it.  The  sharks  and  rays  must  have 
left  the  fresh  water  and  gone  out  to  sea  before  the  great 
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Devonian  drought  set  in.  They  must  have  branched  off  from 
the  other  fishes  before  the  fish  which  gave  rise  to  both  hu- 
mans and  present  fishes  developed.  We  do  not  descend  from 
sharks. 

And  this  is  a  scientific  fairy  story  which  many  scientists 
believe. 

The  air-bladder  is,  as  its  name  indicates,  a  bladder.  It  lies 
between  the  stomach  and  the  backbone.  In  the  trouts  it  is  a 
fragile  organ,  noticeable  only  in  the  inflated  condition  it  as- 
sumes when  the  fish  has  been  dwelling  in  deep  water.  In 
shallow-living  individuals,  it  appears  to  be  nothing  more 
than  a  space  inclosed  at  the  top  and  sides  by  the  inner  body 
wall,  at  the  bottom  by  a  thin  shining  membrane  which  the 
angler's  thumb-nail  punctures  when  it  pokes  in  to  remove  the 
blood  from  under  the  backbone  in  cleaning  the  fish.  In  other 
species,  like  the  Lower  California  "sea-bass"  {Totuava) 
whose  air-bladder  the  Chinese  esteem  highly  as  a  soup-base, 
it  is  a  conspicuous  sac  with  thick  walls  which  shut  it  off  from 
the  other  organs.  In  all  the  soft-rayed  fishes — the  salmon, 
trout,  tarpon,  herring,  pike,  pickerel — a  tube  leads  from  the 
air-bladder  to  the  gullet.  This  is  the  tube  through  which 
their  ancestors  breathed  air,  and  because  they  still  retain 
it  they  are  called  primitive — near  to  the  first  fishes.  In  the 
other  fishes  the  tube  no  longer  exists,  and  they  are  called 
advanced. 

What  the  air-bladder  used  to  do  is  pretty  well  known. 
It  saved  the  fish  from  perishing  by  acting  as  an  auxiliary 
air-breathing  organ.  What  it  does  now  is  not  altogether 
certain.  In  some  fish  it  serves  as  an  auxiliary  sense-organ, 
in  others  it  is  purely  part  of  the  internal  workings.  This  is 
why  we  have  given  it  a  chapter  to  itself  between  the  two. 

The  scientists  of  the  old  guesswork  school  had  a  theory 
which  seemed  to  solve  the  problem.  They  believed  that  the 
purpose  of  the  air-bladder  was  to  act  as  a  hydrostatic  sta- 
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billzer — an  organ  which  would  permit  the  fish  to  change 
depth  without  trouble,  and  to  remain  at  any  level  without 
exertion.  If  the  fish  is  to  be  at  rest  in  the  water,  its  weight 
must  be  the  same  as  that  of  the  volume  of  water  it  occupies. 
Technically  speaking,  it  must  have  the  same  specific  gravity, 
the  same  weight-to-volume  ratio,  as  the  surrounding  water. 
It  will  then  neither  rise  nor  sink.  Suppose  that  a  fish  is  so 
adjusted  that  this  condition  is  met  at  a  depth  of,  let  us  say, 
twenty  feet.  If  the  fish  rises  ten  feet,  the  pressure  of  water 
on  its  exterior  will  decrease,  and  its  body  will,  according  to 
their  theory,  expand.  It  will  take  up  more  space.  The  volume 
of  water  it  occupies  increases.  Since  its  weight  is  unchanged, 
it  will  now  weigh  less  than  that  water,  and  it  will  be  unable 
to  stop  rising  until  it  floats  at  the  surface.  To  avert  this  dan- 
ger, the  fish  decreases  the  size  of  its  air-bladder  as  it  rises, 
and  thus  keeps  its  volume  constant  in  spite  of  the  diminishing 
pressure.  The  ratio  of  its  weight  to  its  volume  remains  un- 
changed, and  it  is  still  stable  at  ten  feet  depth. 

When  it  descends  to  thirty  feet,  the  reverse  takes  place. 
The  pressure  of  the  water  on  its  exterior  increases  as  it  goes 
down,  crushes  it  into  a  smaller  space,  diminishes  its  volume. 
It  takes  up  less  space,  but  its  weight  is  unchanged.  It  there- 
fore weighs  more  than  the  volume  of  water  it  occupies,  and 
it  would  sink  down  and  down  with  ever-increasing  speed 
until  it  struck  bottom,  if  it  did  not  inflate  its  air-bladder  suffi- 
ciently to  keep  its  volume  constant  and  thus  maintain  itself 
in  equilibrium  with  the  water.  Some  scientists  even  went 
further,  and  asserted  that  the  fish  could  make  active  use  of 
the  air-bladder  to  raise  or  lower  itself.  If  it  wanted  to  rise, 
it  pumped  up  its  air-bladder,  and  up  it  popped.  If  it  wanted 
to  sink,  it  deflated  its  air-bladder,  and  down  it  went. 

This  theory  is  engaging,  and  has  the  merit  of  harboring 
some  truth.  Certainly  in  fish  in  which  there  is  an  air-bladder 
it  must  have  a  hydrostatic  effect.  In  some  this  effect  is  far 
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from  beneficent.  Most  widely  publicized  is  the  "explosion'* 
of  fish  from  abyssal  depths  when  brought  to  the  surface  by 
scientists.  This  is,  of  course,  caused  by  the  expansion  of  the 
air-bladder  when  released  from  pressure.  Its  occurrence  is 
much  rarer  than  is  popularly  supposed  because  many  deep- 
sea  fish  do  not  have  air-bladders,  and  their  tissues,  composed 
largely  of  water,  are  so  incompressible  that  they  do  not  ex- 
pand. Less  spectacular  is  the  Great  Lakes  fish  known  as  the 
pike-perch.  When  brought  up  in  a  net  from  a  depth  of  one 
hundred  feet,  it  swells  so  that  it  floats  helplessly  at  the  sur- 
face. If  a  hollow  needle  is  inserted  through  the  flesh  into 
the  air-bladder,  the  hiss  of  escaping  gas  can  be  heard,  and 
the  fish  is  able  to  resume  normal  swimming.  The  pike-perch 
is  obviously  supersensitive  in  this  respect,  for  we  all  know  of 
other  fish  which  can  come  up  from  greater  depths  with  no 
such  alarming  manifestations.  The  swordfish  is  a  famous 
diver,  but  when  we  get  it  to  the  top  it  is  by  no  means  a  help- 
less floater. 

So  far  our  glimpses  of  the  air-bladder  have  been  far  from 
reassuring.  To  the  fish  which  we  have  mentioned,  it  seems 
to  be  about  as  pleasant  a  possession  as  we  should  find  a  hand- 
grenade  which  we  had  to  carry  around  in  our  pockets, 
equipped  with  a  barometric  fuse  which  would  set  it  off  and 
blow  us  to  pieces  if  we  climbed  a  high  hill  or  went  up  in  an 
express  elevator.  However,  we  have  been  considering  arti- 
ficial conditions — abrupt,  man-made  changes.  On  the  Pacific 
Coast  the  rock  cod  lives  at  a  depth  of  lOO  feet.  Bring  him  to 
the  top,  and  he  is  helplessly  bloated,  but  let  him  spend  a 
week  in  an  aquarium,  and  he  can  reduce  himself  to  normal. 
Another  set  of  Pacific  Coast  residents,  the  lantern-fishes, 
have  a  family  habit  of  spending  the  night  at  the  surface  of 
the  sea  but  going  down  to  depths  of  600  feet  for  the  day. 
Now,  the  pressure  at  600  feet  is  nearly  twenty  atmospheres. 
If  you  bring  them  suddenly  up  from  that  depth,  they  are  in 
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a  highly  explosive  state,  and  yet  they  make  the  round  trip 
every  day  of  their  own  volition — two  changes  of  twenty 
atmospheres  every  twenty-four  hours.  The  conclusion  is  that 
each  of  these  two  species  can  adjust  the  air-bladder  to  the 
conditions,  but  that  it  must  be  done  gradually.  The  lantern- 
fish  is  quicker  at  it  than  the  rock  cod,  but  each  has  the  ca- 
pacity to  accomplish  it.  The  old  theory  is  to  some  extent 
borne  out,  but  appears  in  a  new  light.  The  air-bladder,  in- 
stead of  being  something  which  helps  the  fish  to  change 
levels,  is  something  which  the  fish  has  to  guard  against,  to 
keep  under  control. 

How  does  the  fish  make  these  adjustments?  If  he  is  one 
of  the  species  which  retain  that  tube  leading  from  the  gullet 
to  the  air-bladder,  through  which  his  ancestors  used  to  take 
in  air,  it  might  be  assumed  that  he  uses  this.  It  may  be  that 
in  some  cases  he  does,  although  at  the  time  that  he  needs  air 
most,  to  expand  his  bladder  against  increasing  pressure  as  he 
descends,  there  is  no  air  to  be  had,  for  he  is  under  water  5 
and  further,  it  has  been  found  that  in  some  species  the  tube  is 
so  grown  together,  or  so  clogged  with  mucus,  that  there  is 
little  possibility  of  anything  passing  through  it  in  either 
direction.  Such  fish,  and  the  many  species  which  lack  the 
tube  entirely,  must  have  other  methods.  Principally,  they 
depend  on  secretion  of  gas  into,  or  absorption  of  gas  out  of, 
the  air-bladder  by  the  blood.  This  may  seem  like  a  mysterious 
and  unnatural  kind  of  operation,  but  it  is  a  kind  very  com- 
monly used  in  the  life  processes,  both  animal  and  vegetable. 
The  fish's  air-bladder  has  walls  rich  with  thin-skinned  blood- 
vessels, and  these  vessels  have  the  ability  to  put  forth  gas 
into  the  interior  of  the  bladder,  thus  pumping  it  up  against 
external  pressure,  or  to  absorb  gas  from  the  interior,  of  the 
bladder,  thus  preventing  it  from  overexpanding  when  the 
external  pressure  is  released.  But  the  process  is  not,  in  most 
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cases,  a  rapid  one,  and  so  the  fish  must  have  time  to  make 
the  adjustment  gradually. 

At  this  point  in  their  reasoning,  a  great  light  dawned  on 
certain  scientists,  and  they  brought  forth  the  theory  that  it 
was  the  duty  of  the  air-bladder  to  keep  the  fish  within  certain 
depth  limits,  or  to  prevent  it  from  making  depth  changes  too 
suddenly.  This  is  at  first  sight  a  tempting  idea.  Rapid  changes 
of  altitude  bring  about  undesirable  disturbances  in  our  in- 
ternal workings.  And  yet  for  us  to  go  up  to  ten  thousand  feet 
from  sea-level  is  no  more,  so  far  as  change  in  pressure  is 
concerned,  than  for  a  fish  to  come  up  from  a  ten-foot  bottom 
to  the  surface,  an  act  which  he  can  accomplish  in  a  few  sec- 
onds. The  air-bladder  is  there  to  prevent  him  from  over- 
indulging this  ability  and  thus  unknowingly  injuring  himself. 
If  he  comes  up  too  far  or  too  fast,  the  air-bladder  expands 
and  pokes  him  in  the  stomach.  If  he  goes  down  too  far  or 
too  fast,  his  stomach  pokes  him  in  the  air-bladder.  In  either 
case,  he  has  an  ache  in  his  insides  which  warns  him  that 
something  is  wrong,  and  that  he  had  better  go  back  where 
he  came  from. 

There  is  no  question  that  something  of  this  kind  does 
happen.  An  Italian  experimenter  found  that  if  he  increased 
the  pressure  in  the  air-bladder  by  injecting  sterile,  air-free 
water,  the  fish  tried  to  swim  up,  and  if  he  reduced  it  the  fish 
tried  to  swim  down.  In  other  words,  increased  pressure  gave 
the  fish  the  sensation  that  he  was  too  far  down  and  had  better 
come  up,  and  vice  versa.  This  proves  that  an  air-bladder  out 
of  adjustment  with  the  depth  does  warn  the  fish  to  seek  a 
different  level,  but  it  does  not  prove  that  the  same  fish,  if  it 
had  no  air-bladder,  would  have  any  disturbance  in  its  other 
organs  at  that  depth.  The  whole  theory  of  the  air-bladder 
serving  as  a  warning  pressure  gauge  is  wrecked  by  the  number 
of  fish  which  have  no  air-bladder  at  all,  and  which  safely 
make  great  changes  in  their  level  just  the  same.  The  halibut 
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sometimes  lies  on  bottom  at  a  thousand  feet,  sometimes  feeds 
at  the  surface.  It  has  no  air-bladder.  The  chub  mackerel  has 
an  air-bladder,  the  common  mackerel  has  not.  They  are  not 
only  almost  indistinguishable  in  appearance,  but  they  fre- 
quently live  side  by  side  and  school  together.  It  is  difficult  to 
believe  in  the  indispensability  of  an  instrument  which  one  of 
them  gets  along  perfectly  without. 

At  this  point  we  have  to  stop  and  consider  the  connection 
which  the  air-bladder  makes  with  the  ear  in  some  fishes. 
Controversy  has  gone  on  for  years  about  this  apparatus,  one 
school  of  thought  holding  that  it  serves  to  keep  the  fish 
more  completely  informed  as  to  the  state  of  its  air-bladder, 
the  other,  that  it  is  a  hearing  mechanism. 

In  the  cod  and  some  other  fishes,  the  connection  takes 
place  merely  through  forked  lobes  of  the  forward  end  of 
the  air-bladder  which  rest  against  the  auditory  capsules.  Much 
more  complicated  is  the  system  found  in  a  great  group  of 
fresh-water  fishes  which  includes  not  only  such  familiar  forms 
as  the  catfish,  the  carp,  and  the  sucker,  but  also  the  characins 
so  abundant  in  South  America  and  in  fish-fanciers'  aquaria. 
Here  there  are  four  small  bones  linked  together  with  mov- 
able hinges  (see  Figure  16).  These  are  called,  after  their 
discoverer,  the  Weberian  ossicles,  but  they  are  not  to  be 
confused  with  the  ossicles  in  our  ears,  the  hammer,  anvil, 
and  stirrup.  The  latter  derive,  as  we  have  seen,  from  three 
bones  in  the  fish's  jaw,  and  the  carp  is  still  using  them  to  eat 
with,  whereas  his  Weberian  ossicles  he  has  improvised  out 
of  the  forward  end  of  his  backbone.  But,  however  different 
their  origin,  there  is  a  similarity  in  their  present  action,  for 
our  ossicles  form  a  bony  linkage  between  our  membranous 
ear-drum  and  our  auditory  capsule,  and  the  carp's  Weberian 
ossicles  form  a  bony  linkage  between  the  membrane  of  his 
air-bladder  and  his  auditory  capsule.  It  is  this  similarity 
which  first  suggested  that  the  Weberian  ossicles  might  be 
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used  in  hearing:  the  tense  air-bladder  would  be  well  adapted 
to  receive  vibrations  coming  through  water,  and  would  use 
the  ossicles  to  transmit  them  to  the  ear. 

The  opponents  were  quick  to  point  out  that  while  this 
might  be  all  very  well  when  the  air-bladder  was  fully  ex- 
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Figure   i6.  DIAGRAMMATIC  REPRESENTATION  OF  THE  AIR- 
BLADDER  AS  A  SENSE  ORGAN  IN  THE  CARP 
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panded,  as  in  the  diagram  on  the  right  in  the  figure,  it  would 
not  work  at  all  when  the  air-bladder,  in  the  course  of  its 
hydrostatic  duties,  reached  the  shrunken  state  shown  on  the 
left.  In  that  state,  not  only  would  the  membrane  of  the  blad- 
der be  so  relaxed  as  to  be  no  use  in  receiving  sound-waves, 
but  the  ossicles  would  cease  to  press  against  the  ear,  and 
would  be  unable  to  transmit  them.  To  these  people  it  was 
evident  that  the  system  was  a  device  to  keep  the  fish  in- 
formed as  to  its  relative  depth  by  the  increase  or  decrease 
of  the  pressure  transmitted  by  the  ossicles  from  the  air- 


The  Air-Bladder  131 

bladder  to  the  earj  and  since  the  ears  were  known  to  have 
the  equilibrating  sense  in  the  semicircular  canals  and  their 
auxiliaries,  it  was  thought  not  unreasonable  to  assume  that 
they  have  this  depth  sense  also. 

The  proponents  of  the  hearing-mechanism  theory  offered 
two  points  in  rebuttal.  First,  even  if  the  air-bladder  in  these 
fish  does  change  size  with  change  in  depth  and  pressure, 
which  has  never  been  proved,  does  it  ever  become  slack  (like 
the  left-hand  diagram)?  For  as  long  as  the  fish  remains 
under  water  there  will  be  pressure  on  the  bladder,  and  as 
long  as  there  is  pressure  on  it,  its  walls  will  remain  tense 
and  will  be  capable  of  receiving  and  transmitting  sound- 
waves. Second,  of  what  use  would  such  an  elaborate  depth- 
measuring  or  pressure-registering  device  be  to  these  fishes? 
The  great  majority  of  them  live  in  comparatively  shallow 
waters,  and  their  opportunity  to  change  levels  is  thereby 
very  much  limited.  For  that  same  reason — ^because  for  a 
great  many  of  them  the  bottom  is  so  near  the  top — they 
might  find  a  device  which  strengthened  their  hearing  very 
useful,  especially  if  it  enabled  them  to  detect  enemies  above 
the  surface. 

It  remained  for  the  German  physiologist  whose  experi- 
ments were  described  in  the  section  on  "Hearing"  (page 
105)  to  settle  the  matter  in  a  scientific  manner.  It  will 
be  recalled  that  he  worked  with  a  minnow,  a  member  of  the 
carp  family,  which  is  equipped  with  the  Weberian  ossicle 
connection  between  the  ear  and  the  air-bladder.  He  had 
found  that  his  minnow  had  such  an  acute  sense  of  hearing 
that  it  would  show  response  to  a  tuning  fork  at  a  distance 
of  200  feet  sounded  so  softly  that  a  man  under  water  (in 
the  form  of  one  of  his  students  who  volunteered  to  occupy 
the  same  tank  with  the  fish)  could  hardly  hear  it.  However, 
when  he  operated  on  the  minnow  and  removed  its  air- 
bladder,  its  hearing  became  much  poorer.  It  could  still  be 
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trained  to  sounds,  but  they  had  to  be  a  great  deal  louder. 
He  found  that  the  characins  showed  a  well-developed  sense 
of  hearing;  and  that  the  mormyrids,  Egyptian  fish  from  the 
Nile  in  which  the  air-bladder  makes  a  direct  connection  with 
membranes  in  the  cranium,  hear  as  well  as  the  minnow. 
Other  species  which  lack  the  ear-air-bladder  connection  heard 
much  less  acutely  j  they  could  be  trained  to  sounds,  but  the 
sounds  had  to  be  much  louder.  From  this  the  trout  and  black 
bass  anglers  may  take  comfort,  for  absence  of  the  connection 
in  these  fishes  may  be  taken  to  indicate  poor  perception  of 
sounds  made  in  the  air. 

So  the  controversy  'has  been  settled,  and  it  is  accepted  that 
in  many  fishes  the  Weberian  ossicles  are  a  part  of  the  hearing 
apparatus  which  serve  to  transmit  vibrations  to  the  ear  from 
the  air-bladder,  which  acts  as  a  resonant  sounding-board. 
And  to  complete  the  argument,  it  is  now  known  that,  at 
least  in  many  of  these  fishes,  the  forward  compartment  of 
the  air-bladder  can  be  closed  off  by  a  sphincter  muscle,  so 
that  it  can  be  kept  taut  no  matter  what  the  condition  of  the 
rest  of  this  organ. 

Thus,  while  there  are  still  things  about  the  air-bladder 
that  we  do  not  understand,  there  are  many  things  which  we 
actually  do  know.  In  the  first  place  we  definitely  know  that 
it  still  retains  to  some  extent  its  original  respiratory  func- 
tion. This,  its  primordial  duty,  is  still  one  of  its  most  wide- 
spread and  most  important  ones.  In  the  lung-fishes,  those 
five  species  of  living  fossils  scattered  through  Africa,  South 
America,  and  Australia,  this  is  true  to  such  an  extent  that 
ProtofteruSy  the  African  form  called  by  the  natives  Kamongo, 
can  no  longer  breathe  water  through  his  gills.  If  caught  in  a 
net  so  that  he  cannot  reach  the  surface,  he  soon  drowns;  and 
he  can  live  literally  for  years  in  the  cocoon  of  dried  mud 
which  he  makes  for  himself  when  the  waters  of  his  swamp 
disappear,  in  Devonian  style,  during  times  of  drought. 
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The  tarpon  has  perfectly  good  gills,  but  it  also  has  a  fine 
large  open  tube  leading  from  the  upper  side  of  its  gullet  to 
its  air-bladder,  and  the  inside  of  the  air-bladder  is  well  sup- 
plied with  blood-vessels.  Young  tarpon  are  frequently  found 
in  lagoons  which  have  been  cut  off  from  the  sea  by  sand-bars 
for  so  long  that  their  water  is  stagnant,  brackish,  even  sul- 
phurous, and  the  tarpon's  ability  to  survive  there  seems  with 
little  doubt  to  be  due  to  its  ability  to  come  to  the  surface 
and  take  atmospheric  air  into  its  air-bladder. 

But  aside  from  the  fish  which  actually  "breathe"  air  in 
this  way,  a  great  many  others  use  the  air-bladder  as  a  sort 
of  respiratory  reservoir.  Deep-sea  fishes  have  an  unusually 
high  percentage  of  oxygen  in  the  air-bladder,  and  in  some 
species,  the  deeper  the  fish  the  more  oxygen.  The  oxygen 
content  of  the  water  is  low  at  these  depths,  and  the  fish 
extracts  from  the  water  more  than  its  current  requirements 
and  stores  it  up  in  the  air-bladder  against  emergencies. 
Further,  when  fish  are  experimentally  suffocated,  the  oxy- 
gen in  the  air-bladder  is  greatly  reduced,  showing  that  fish 
do  fall  back  on  this  reserve  when  the  normal  oxygen  supply 
is  cut  off. 

In  the  second  place  we  definitely  know  that,  in  those  fish 
which  have  it,  the  air-bladder  plays  a  part  in  the  permanent 
equilibrium  between  the  fish  and  the  water.  This  is  self- 
evident,  and  has  nothing  to  do  with  adjustment  of  pressure 
to  changing  levels.  It  has  to  do  with  density.  If  a  fish  has  an 
air-bladder,  that  air-bladder  must  be  of  such  a  size  that  the 
total  volume  of  water  occupied  by  the  fish  will  weigh  just 
about  what  the  fish  weighs,  if  he  is  not  to  be  in  constant  strug- 
gle with  his  environment.  The  actual  tissue  of  which  most 
fishes  are  made  is  denser  than  water,  and  all  fish  would  weigh 
more  than  water  and  tend  to  sink  if  they  did  not  have  some 
way  of  buoying  themselves  up.  The  air-bladder  supplies  this 
need,  but  paradoxically,  all  fishes  do  not  have  to  have  air- 
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bladders  to  keep  them  from  sinking.  The  shark  lives  in  the 
open  sea,  and  rarely  sinks  to  bottom.  He  has  no  air-bladder, 
but  instead  he  has  an  enormous  liver  full  of  oil  which  keeps 
him  afloat.  The  flounder,  on  the  other  hand,  is  a  very  solid 
fish.  It  has  no  air-bladder,  and  you  can  almost  feel  the  thud 
with  which  it  lands  when  it  settles  on  the  bottom.  It  is 
heavier  even  than  salt  water. 

In  the  much  lighter,  less  buoyant  fresh  water,  it  is  im- 
possible for  any  fish  to  carry  enough  fat  or  oil  to  keep  afloat. 
Without  exception,  the  fresh-water  species  which  lack  the 
air-bladder  are  bottom  dwellers.  To  those  which  wish  to 
carry  on  their  lives  on  a  higher  plane,  it  is  indispensable  as  a 
float.  Without  it  the  pickerel  and  the  muskellunge  could 
not  hang  motionless  in  the  water,  waiting  for  their  preyj 
without  it,  the  black  bass  could  not  hover  over  its  nest,  guard- 
ing its  offspring  against  marauders  j  and  without  it  the  trout 
and  its  relatives  could  not  lie  for  hours  just  below  the  surface, 
rising  to  take  in  the  food  drifting  down  the  stream.  Further, 
to  those  fish  which  go  from  fresh  to  salt  water,  or  the  re- 
verse, the  ability  to  adjust  the  air-bladder  is  indispensable. 
For  a  fish  in  proper  adjustment  in  fresh  water  will  find  itself 
too  light  when  it  goes  into  the  heavier  salt  water,  and  it 
will  tend  to  float  at  the  surface  unless  it  can  reduce  its  air- 
bladder,  thus  reduce  its  total  volume,  and  increase  its  weight- 
to-volume  ratio,  its  specific  gravity,  to  that  of  salt  water.  In 
the  same  way,  when  a  fish  adjusted  to  salt  water  goes  into 
fresh  water  it  will  tend  to  sink  unless  it  can  increase  its  vol- 
ume. This  does  not  mean  that  the  former  fish  will  be  unable 
to  get  below  the  surface,  as  you  are  when  you  bathe  in  the 
Great  Salt  Lake.  It  does  not  mean  that  the  latter  will  be 
unable  to  get  off  the  bottom,  as  even  the  best  human  swim- 
mer is  if  he  falls  into  an  oil-tank.  The  differences  between 
natural  fresh  and  natural  salt  water  are  not  so  great.  What 
it  does  mean  is  that  a  fish  in  equilibrium  in  one  will,  if  he 
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goes  to  the  other,  have  to  work  to  keep  below  the  surface 
or  to  stay  off  bottom  unless  he  can  make  an  appropriate 
change  in  his  volume.  Experiments  with  killifish,  some  of 
which  are  able  to  stand  abrupt  change  from  fresh  to  salt 
water  or  the  reverse,  show  that  when  first  placed  in  salt 
water  they  have  to  swim  constantly  downward  to  overcome 
their  buoyancy,  and  when  first  placed  in  fresh  water,  con- 
stantly upwards  to  overcome  their  weight,  but  that  in  fifteen 
minutes  they  adjust  themselves  sufficiently  to  the  changed 
density  to  maneuver  without  any  perceptible  difficulty. 

In  the  third  place  we  definitely  know  that  the  ajr-bladder ' 
has  been  turned  into  an  efficient  hearing  aid  in  one  way  or 
another  by  many  species  of  fish,  including  the  predominating 
group,  both  in  number  of  species  and  number  of  individuals, 
in  all  the  fresh  waters  of  the  world. 

In  the  fourth  place  we  definitely  know  that  some  fish  use 
the  air-bladder  to  make  noises.  Best  known  is  the  weakfish 
and  its  allies.  It  has  a  peculiar  muscle  by  which  it  can  set 
the  air-bladder  into  vibration  and  produce  sounds.  The 
male  only  possesses  this  muscle,  and  the  male  only  can 
make  the  sound,  from  which  we  judge  that  it  has  some- 
thing to  do  with  mating;  and  so  loud  is  this  sound  that  it 
has  been  heard  six  feet  above  water  when  the  fish  is  fifty 
feet  under  water. 

So  much  for  the  positive  side — for  the  things  which  we 
know  that  the  air-bladder  does  do.  As  for  the  things  which 
we  know  that  the  air-bladder  does  not  do,  while  at  first 
thought  a  summary  of  the  negatives  may  seem  of  little  value, 
it  is  undertaken  here  to  dispel  the  many  misconceptions 
which  have  been  held  in  the  past  and  which  are  to  some 
extent  still  held. 

We  know  that  the  air-bladder  is  not  an  active  instrument 
for  changing  levels — that  fish  do  not  raise  or  lower  them- 
selves by  increasing  or  decreasing  their  size.  For  this  reason 
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it  seems  to  me  that  the  name  "swim-bladder,"  which  is 
sometimes  given  it,  is  misleading.  With  locomotion  in  any 
direction  it  has  nothing  to  do.  True,  the  mixture  of  gases 
which  it  contains  is  not  air,  and  it  should  really  be  called 
a  "gas-bladder,"  but  at  least  the  name  "air-bladder"  is  more 
indicative  of  its  true  nature  than  "swim-bladder." 

We  know  that  it  is  not  even  a  passive  help  to  the  fish  in 
making  depth  changes,  as  the  first  theory  held.  Fish  with- 
out the  air-bladder  are  almost  incompressible,  and  there- 
fore have  an  almost  constant  volume  at  all  depths.  If  they 
are  in  equilibrium  with  the  water  at  one  level,  they  are  in 
equilibrium  at  all  levels.  They  change  from  one  depth  to 
another  without  disturbance.  Fish  with  air-bladders  are 
compressible.  In  order  to  maintain  their  constancy  of  volume 
they  have  therefore  to  increase  or  decrease  the  pressure  in 
their  air-bladders.  The  air-bladder  has  to  work  to  overcome 
the  weakness  which  it  itself  has  introduced.  It  is  in  no  way 
a  help;  it  merely  succeeds  in  overcoming  the  obstacle  of  its 
own  presence.  It  is  probably  just  as  much  of  a  nuisance  to 
the  fish,  in  so  far  as  depth  changes  are  concerned,  as  our 
lungs  would  be  to  us  if  we  suddenly  acquired  gills  and  took 
to  living  under  the  water. 

And  we  know  that  it  is  not  an  indispensable  device  to 
keep  the  fish  from  too  rapid  or  too  great  changes  of  level.  If 
such  a  pressure  register  were  necessary  to  keep  the  fish  within 
safe  limits,  the  halibut  with  its  great  changes  of  depth  would 
long  since  have  perished. 

And  it  may  be  that  some  day  exceptions  will  be  found  to 
every  one  of  the  statements  we  have  just  madej  but  they 
will  still  remain  in  general  true. 

There  is  one  more  point  about  the  air-bladder  which  is  of 
interest  to  human  beings.  In  most  present-day  fish  the  tube 
which  connects  the  air-bladder  to  the  throat  opens  into  the 
upper  side  of  the  gullet;  but  this  was  not  always  so.  In  the 
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Devonian  fishes  it  opened  into  the  lower  side,  for  the  air- 
bladder  or  "lung"  lay  below  the  digestive  organs.  This 
seems  mechanically  unsound,  since  the  bladder,  being  light, 
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Figure   17.  AIR  AND  FOOD  SYSTEMS  OF  EARLY  FISH   (above) 
AND  MODERN  FISH   (below). 


should  naturally  be  above  the  stomach,  and  it  is  possible  that 
the  tendency  of  the  bladder  to  rise  is  responsible  for  the 
present  position  of  the  opening.  Anyway,  whatever  the 
reason,  in  the  early  fishes  the  opening  was  on  the  lower  side 
of  the  throat.  The  nostrils,  however,  were  on  the  top  of 
the  head,  and  when  they  succeeded  in  acquiring  a  passage 
through  the  skull  into  the  mouth  cavity  for  the  fish  to 
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breathe  through,  the  path  of  the  air  came  to  cross  the  path 
of  the  food.  For  the  air  came  in  at  the  top  and  went  out  at 
the  bottom,  whereas  the  food  came  in  at  the  bottom  and 
went  out  at  the  top,  as  in  the  upper  diagram  in  Figure  17. 
If  the  fish  had  moved  that  air-bladder  connection  around 
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Figure  18.  AIR  AND  FOOD  SYSTEMS  OF  MAN 


to  the  top  of  the  throat  before  the  land  animals  branched 
off  from  it,  as  in  the  lower  diagram  of  Figure  17,  it  would 
have  been  much  more  convenient  for  us.  We  might  then 
have  succeeded  in  worldng  out  two  separate  passages,  one 
leading  from  the  nose  directly  to  the  lungs,  one  from  the 
mouth  directly  to  the  stomach,  with  no  trouble-breeding 
interconnections.  But  it  did  not.  The  result  is  that  the  land 
animals  carried  on  that  crisscross  arrangement  and  never 
modified  it,  and  handed  it  on  to  us.  Our  food  and  our  air 


The  Air 'Bladder  139 

have  to  cross  over  (see  Figure  18),  and  sometimes  the  food 
gets  into  the  passage  leading  to  the  lungs.  It  "goes  down 
the  wrong  way." 

And  so,  when  you  choke  over  a  piece  of  bread,  it  may,  or 
it  may  not,  be  some  consolation  to  you  to  realize  that  that 
particular  bit  of  discomfort  had  its  origin  in  the  Devonian 
drought  some  three  hundred  million  years  ago. 


CHAPTER    VII 

Internal  Workings 

DIGESTIVE   SYSTEM 

THE  digestive  system  of  a  fish  consists  of  a  stomach  and  an 
intestine,  with  a  mouth  at  the  front  end  for  taking  in  nour- 
ishment, and  an  anal  opening  at  the  rear  end  for  disposing 
of  used  food.  In  addition  to  these  elements  common  to  all 
animals  from  the  worm  up,  it  has  also  some  of  the  acces- 
sories which  we  are  apt  to  think  of  only  in  connection  with 
human  beings,  such  as  gall-bladder,  spleen,  and  pancreas. 
That  it  has  a  liver  is  not  likely  to  be  forgotten  by  those 
who  have  had  anything  to  do  with  cod-liver  oil. 

The  fish's  mouth  is  full  of  teeth.  It  has  teeth  on  its  jaws, 
and  often  on  the  roof  of  its  mouth  and  on  its  tongue  as  well, 
but  it  does  not  use  these  teeth  to  chew  with.  This  fact  was 
borne  in  on  me  very  clearly  once  when  I  found,  in  the  stom- 
ach of  a  trout  I  had  just  taken,  several  intact  salmon  eggs 
of  the  preserved  kind  sold  for  bait.  Either  this  fish  had  been 
an  expert  at  stealing  bait  off  the  hook  without  getting  caught, 
or  some  angler  had  dumped  the  remains  of  his  egg  supply 
into  the  water.  In  any  case,  the  eggs  looked  as  good  as  new. 
Out  of  curiosity  I  took  one  of  them  and  put  it  on  my  own 
line.  In  a  very  few  minutes  I  had  another  trout  on  the  bank, 
and  inside  his  stomach  the  same  salmon  tgg  which  his  dead 
brother  had  once  eaten  was  still  uninjured.  Neither  fish  had 
chewed  it  at  all;  at  this  rate  a  deft  angler  would  need  no 
more  than  one  salmon  ^gg  to  carry  him  through  a  whole 
season. 
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As  a  matter  of  fact,  if  fish  tried  to  masticate  their  food  as 
good  little  children  do,  they  would  suffocate,  for  they  would 
then  be  unable  to  pass  the  current  of  water  through  their 
mouths  and  over  their  gills  which  is  necessary  for  their 
breathing.  To  overcome  this  difficulty,  some  of  the  vege- 
tarians, and  others  which  like  to  chew,  have  grinding-mills 
well  down  in  their  throats.  These  are  called  pharyngeal 
teeth,  and  are  supported  by  bony  arches  similar  to  those 
which  carry  the  gills.  It  is  here  that  the  "Fletcherizing,"  if 
any,  is  done. 

Fish  are  largely  carnivorous.  Most  of  them,  therefore, 
have  sharp-pointed  teeth  in  the  mouth  with  which  to  seize 
their  prey  and  hold  it  while  it  is  being  swallowed  whole. 
Those  which  feed  on  tiny  living  organisms  in  the  water,  like 
the  herring,  have  small  delicate  teeth.  The  rays  live  on 
shell-fish,  and  have  great  flat  teeth  like  paving  stones  with 
which  to  crush  the  shells  before  swallowing  them.  Of  the 
few  that  go  in  for  a  vegetarian  diet  some,  like  the  carp,  have 
no  teeth  in  the  mouth  j  while  one  of  the  strangest  modifica- 
tions is  found  in  the  "parrot."  These  large,  brightly  colored 
fish  graze  on  the  coral  reefs,  and  their  front  teeth  have  all 
fused  together  to  form  a  beak  very  much  like  a  parrot's. 
With  this  beak  they  nibble  the  coral  and  the  weeds,  which 
are  then  ground  up  by  the  powerful  pharyngeal  teeth  in 
the  throat. 

Many  fish  have  an  unlimited  ability  to  replace  their  teeth, 
not  being  confined  to  two  sets  as  we  are.  This  is  particularly 
evident  in  some  of  the  sharks,  whose  mouths  are  bristling 
arsenals  of  teeth,  row  after  row,  in  diminishing  size,  lying 
flat  in  readiness,  waiting  to  take  their  turn  in  the  front  line 
as  the  ones  in  active  use  wear  out. 

As  has  been  noted  in  an  earlier  section,  the  fish's  tongue  is 
a  flat,  immovable  projection  from  the  floor  of  the  mouth. 
There  is  no  salivary  gland. 
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Behind  the  mouth  is  the  pharynx.  Here  there  is  a  con- 
striction open  only  when  food  is  passing  through  into  the 
stomach.  If  it  were  not  for  this  barrier,  the  fish's  stomach 
would  be  continually  flooded  with  water,  and  the  digestive 
juices  would  be  diluted  and  rendered  useless.  The  stomach 
is  generally  U-shaped  or  in  the  form  of  a  sack,  and  is  highly 
distensible.  The  intestine  in  the  carnivores  is  comparatively 
short,  being  hardly  more  than  a  straight  tube  leading  to  the 
anus,  but  in  the  herbivores,  whose  food  is  in  a  form  not  so 
readily  assimilated,  it  may  be  long  and  twisted.  In  the  carp 
it  is  eight  to  nine  times  the  overall  length  of  th^  fish.  The 
majority  of  herbivores  are  fresh-water  inhabitants. 

Close  to  the  stomach  are  blind  pouches,  like  the  fingers  of 
a  glove,  known  as  caeca.  They  are  found  in  no  vertebrates 
above  the  fish,  although  they  do  superficially  resemble  our 
vermiform  appendix.  However,  they  attach  to  a  much  more 
forward  portion  of  the  intestine  than  our  expensive  organ 
does.  The  catfish  and  the  pikes  are  without  caeca.  The  flat- 
fishes have  2  or  3.  Our  childhood  friend  the  sunfish  has  7 
to  10,  and  his  relatives  the  black  basses  have  about  14.  The 
brook  trout  has  40  to  50,  the  Atlantic  salmon  50  to  60,  the 
steelhead  42  to  80.  The  Pacific  salmons  vary  from  as  low  as 
45  in  the  silver  to  as  high  as  214  in  the  king.  But  the  tuna 
and  the  swordfish  head  the  listj  in  these  species  the  caeca  are 
described  as  "very  numerous,"  which  we  may  take  as  mean- 
ing that  there  are  too  many  for  a  busy  ichthyologist  to  bother 
counting. 

The  caeca  probably  serve  to  retain  the  food  for  digestive 
and  absorptive  purposes.  Similar  in  action  is  the  geometrically 
admirable  spiral  valve  (see  Figure  20),  especially  charac- 
teristic of  the  sharks  and  rays.  It  lies  at  the  lower  end  of  the 
gut.  It  works  just  as  a  long,  twisted  intestine  would  in  pro- 
viding more  absorptive  surface  and  greater  storage  capacity. 
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The  liver  is  large,  taking  up  a  disproportionate  amount  of 
the  body  cavity.  The  gall-bladder  and  the  spleen  are  clearly 
recognizable,  but  the  pancreas  is  what  is  called  "diffuse," 
which  means  that  it  is  pretty  well  scattered  about.  It  does 


Figure  20.  LOWER  INTESTINE  OF  THE  SHARK  CUT  OPEN  TO 
SHOV^    THE    SPIRAL    VALVE 

From  J.  R.  Norman,  History  of  Fishes. 


nevertheless  contain  something  in  the  nature  of  the  "islets  of 
Langerhans"  (the  name  given  to  the  ductless  glands  in  the 
mammalian  pancreas  from  which  insulin  is  obtained)  for 
the  discovery  has  been  made  that  insulin  can  be  obtained 
from  fish  pancreas.  If  this  proves  to  be  commercially  prac- 
tical, diabetics  can  look  forward  to  an  unlimited  supply  of 
this  indispensable  remedy  at  a  low  price. 
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BREATHING 


The  purpose  of  breathing  is  the  same  in  all  animals:  to 
take  the  prime  mover,  oxygen,  into  the  body,  and  to  get  rid 
of  the  waste-product,  carbon  dioxide.  This  is  accomplished 
in  the  higher  animals  by  exposing  the  blood,  in  vessels  so 
thin  that  gases  can  get  through  their  walls,  to  a  source  of 
oxygen.  If  there  is  less  oxygen  in  the  blood  than  on  the 
outside,  oxygen  will  pass  into  the  blood.  If  there  is  more 
carbon  dioxide  in  the  blood  than  on  the  outside,  carbon 
dioxide  will  pass  out  of  the  blood. 

To  man  the  source  of  oxygen  is  air,  and  because  of  its 
drying  action  the  thin-walled  blood-vessels  into  which  the 
oxygen  is  to  be  absorbed  must  be  placed  in  lungs  where  they 
can  be  kept  alive  and  moist  and  permeable.  To  the  fish  the 
source  of  oxygen  is  water,  and  since  water  has  no  drying 
effect,  the  blood-vessels  can  be  exposed  on  gills  in  the 
mouth.  The  gills  are  the  red  objects  which  can  be  seen  by 
raising  the  gill  covers  and  looking  through  the  gill  opening 
into  the  gill  chamber  underneath.  They  consist  of  a  multi- 
tude of  filaments  full  of  tiny  blood-vessels,  arranged  on 
bony  arches  somewhat  as  the  flanges  are  arranged  on  the 
tubes  of  an  automobile  radiator.  There  are  four  of  these  gill 
arches  in  most  fishes.  Between  them  are  openings,  or  clefts, 
through  which  the  water  passes.  Since  there  is  no  opening 
from  the  fish's  nostrils  into  the  mouth  cavity,  as  there  is  in 
humans,  breathing  has  to  take  place  through  the  mouth.  The 
gill  covers  are  closed,  and  water  is  drawn  into  the  open 
mouth  by  expanding  what  might  be  called  the  cheeks.  The 
mouth  is  then  closed,  either  by  the  shutting  of  the  jaws  or  by 
the  automatic  action  of  flaps  of  skin  which  act  as  check  valves 
and  thus  block  the  orifice  even  though  the  jaws  remain  apart. 
The  gill  covers  are  opened,  and  the  water  is  forced  out  over 
the  gill  filaments  by  contracting  the  "cheeks." 
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The  normal  rapidity  of  these  movements  varies.  The  hu- 
man being  takes  from  20  to  25  breaths  a  minute.  In  com- 
parison, the  rate  in  fish  varies  from  as  low  as  12  per  minute 
in  the  wrasses  to  as  high  as  150  in  the  minnows.  In  the  brook 
trout  it  is  between  40  and  50.  Under  stress,  such  as  when  the 
fish  puts  forth  unusual  exertions,  or  when  the  oxygen  con- 
tent of  the  water  becomes  low  in  an  aquarium  with  too  many 
fish  and  insufficient  aeration,  the  rate  is  accelerated  and  the 
fish  "pants." 

As  the  water  passes  through  the  gill  chambers  and  out 
through  the  gill  openings  it  is  easy  to  see  that  the  current 
might  carry  with  it  particles  of  food  from  the  mouth  which 
might  injure  the  delicate  gill  filaments.  To  guard  against 
this  the  gill  arches  are  equipped  with  straining  devices  known 
as  gill  rakers.  In  fish  which  eat  large  animals  the  rakers  are 
nothing  more  than  knoblike  protuberances  on  each  side  of 
each  arch.  In  the  herring  they  are  fine,  almost  hairlike  out- 
growths, acting  more  as  a  sieve  to  prevent  the  escape  of  the 
minute  organisms  on  which  it  feeds  than  as  a  protection  for 
the  gill  filaments.  In  general,  however,  they  are  designed 
to  prevent  the  food  from  interfering  with  the  breathing,  just 
as  the  valve  called  the  glottis  in  our  throat  is  designed  to 
prevent  food  from  getting  into  our  windpipe.  That  these 
safety  devices  sometimes  fail  to  work,  in  fish  as  well  as  in 
men,  is  evidenced  by  the  body  of  a  twenty-pound  striped 
bass  found  with  a  three-pound  carp  stuck  in  its  gill  opening, 
its  wiggling  tail  still  protruding  from  its  captor's  mouth. 
The  would-be  diner  had  suffocated,  but  the  intended  dinner 
was  still  alive. 

Some  people  are  under  the  impression  that  it  is  the 
oxygen  constituent  of  water  which  the  fi,sh  breathes.  Their 
inference  is  not  illogical,  since  water,  as  we  all  know,  is 
composed  of  one  part  of  oxygen  to  two  parts  of  hydrogen. 
What  they  fail  to  take  into  account  is  the  fact  that  water 
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is  one  of  the  most  difficult  compounds  in  the  world  to  break 
down.  To  dissociate  the  one  part  of  oxygen  from  the  two 
parts  of  hydrogen  requires  elaborate  chemical  processes.  But 
water  exposed  to  air  absorbs  oxygen  from  it,  and  this  oxy- 
gen penetrates  to  the  depths  of  the  sea.  It  is  this  absorbed 
oxygen  which  the  blood-vessels  in  fish's  gills  take  from  the 
water. 

Fishes  vary  in  their  oxygen  requirements.  The  trout,  for 
instance,  needs  much  more  than  the  carp,  which  is  why  the 
trout  like  swift  streams  while  the  carp  can  live  in  a  mud- 
puddle.  The  trout's  fninimum  requirements  are  about  3.5 
parts  per  million  by  weight,^  but  while  it  can  exist  under 
such  conditions,  it  shuns  water  with  less  than  5  parts  per 
million.  The  Federal  hatchery  at  Leetown,  West  Virginia, 
has  10  parts  per  million,  the  Klamath  River  the  same.  This 
is  pretty  close  to  the  saturation  point,  which  is  to  say  that 
the  water  has  absorbed  just  about  as  much  oxygen  as  it  can 
possibly  hold.  Man,  even  if  equipped  with  the  gills  of  a  fish, 
could  not  live  in  water,  for  he  requires  fifty  times  as  much 
oxygen  as  a  fish  his  own  size.  Air,  with  its  210  parts  per 
thousand,  is  none  too  good  for  him. 

Other  things  being  equal,  the  colder  the  water  is  the 
more  oxygen  it  can  hold — ^which  is  one  of  the  reasons  why 
trout  prefer  cold  water.  The  maximum  temperature  at  which 
the  brook  trout  can  live  comfortably  is  70°  F.,  the  brown 
trout  76°,  the  rainbow  slightly  higher.  Cold  water  being, 
within  limits,  heavier  than  warm,  it  sinks,  which  is  why 
trout  tend  to  stay  on  the  bottom  in  hot  weather.  Exceptions 
to  this  are  certain  inland  lakes  in  which,  on  account  of  their 
protected  position,  or  their  depth,  there  is  very  little  circu- 
lation in  summer.  In  the  hot  weather  the  surface  becomes 
warm  and  light,  the  lower  water  cold  and  heavy.  Two  dis- 

^  2.5   cubic  centimeters  per  liter  by  volume. 
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tinct  zones  are  formed,  between  which  there  is  no  inter- 
change of  water,  with  the  result  that  the  lower  levels,  cut 
off  from  the  oxygen  supply,  become  depleted  of  that  ele- 
ment, and  uninhabitable  to  fish.  Such  lakes  are  said  to  have 
thermodinesy  the  name  given  to  the  dividing  layer  between 
the  upper,  warm,  light,  oxygen-rich  zone  and  the  lower,  cold, 
heavy,  oxygen-poor  zone. 

The  sharks  and  rays  breathe  just  as  other  fish  do.  They 
differ,  however,  in  this  way:  that  the  clefts  between  the  gills, 
instead  of  opening  into  a  common  gill  chamber  with  a  single 
external  aperture  for  the  escape  of  the  water,  open  separately 
through  the  skin  to  the  exterior  (see  Figure  21).  There 
may  be  from  five  to  seven  clefts,  with  the  corresponding  five 
to  seven  slitlike  openings  in  the  skin  so  characteristic  of  the 
appearance  of  sharks.  In  addition,  there  is  the  small  round 
opening  in  the  top  of  the  head,  the  spiracle,  considered  to  be 
a  degenerate  gill  slit,  which  we  discussed  in  Chapter  V. 

EXCRETION 

Excretion  means  the  removal  from  the  body  of  the  un- 
usable or  injurious  products  which  have  been  formed  by  the 
operation  of  the  bodily  machine.  It  does  not  refer  to  the 
removal  of  that  fraction  of  the  food  which,  having  no  nutri- 
tive value,  has  been  allowed  to  pass  through  the  digestive 
tract  without  being  absorbed. 

In  both  fish  and  human  a  certain  amount  of  excretion  takes 
place  through  the  respiratory  organs  and  through  the  skin, 
but  the  principal  method  in  both  is  by  solution  of  the  mat- 
ter to  be  excreted  in  water  and  its  passage  out  of  the  body 
as  urine.  In  both,  it  is  the  kidneys  which  prepare  the  urine, 
but  the  way  in  which  these  organs  function  is  so  unlike  in 
the  different  forms  that  it  brings  about  a  startling  dissimilar- 
ity in  the  way  in  which  they  go  about  getting  their  supply  of 
water.  The  human  does  it  by  drinking  fresh  water.  The 
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fresh-water  fish  does  not  drink  at  all,  but  absorbs  water. 
And  the  salt-water  fish  drinks  salt  water. 

An  explanation  of  all  this  in  terms  of  osmotic  pressure, 
hypotonicity,  and  the  like,  would  turn  our  hair  gray,  but  we 
can  set  up  a  few  conceptions  which,  while  they  will  probably 
turn  the  chemists'  and  physicists'  hair  gray,  will  give  us  an 
easy  understanding  of  how  the  system  works. 

The  first  point  is  simple.  A  solution  is  a  combination  of 
water  and  some  other  substance.  If  the  proportion  of  the 
other  substance  to  the  water  is  high,  the  solution  is  strong, 
or  concentrated  5  if  it  is  low,  the  solution  is  weak,  or  dilute. 
Both  fresh  water  and  sea  water  have  salt  in  them,  but  the 
sea  water  is  a  much  stronger  solution.  Now,  if  two  solutions 
of  different  strengths  are  separated  by  what  is  called  a  semi- 
permeable membrane,  they  will  tend  to  equalize.  Water  will 
pass  through  the  membrane  from  the  weak  solution  into  the 
strong  solution  until  they  are  of  equal  strength. 

The  second  point  is  simple.  Blood,  both  fish  and  human, 
is  a  stronger  solution  than  fresh  water.  Therefore,  fresh 
water  will  pass  through  semi-permeable  membranes  into 
blood.  In  man,  such  membranes  are  found  only  inside  the 
body,  and  he  must  therefore  drink  In  order  to  get  water  into 
the  stomach  where  it  can  be  absorbed.  In  the  fish  the  semi- 
permeable skin  is,  as  we  have  seen,  normally  rendered 
inactive  by  the  slime,  but  the  functioning  semi-permeable 
gills  are  in  constant  contact  with  water.  Through  these  gills 
fresh  water  constantly  goes  into  the  more  concentrated  blood 
and  must  be  taken  out  of  the  blood  by  the  kidneys  and 
turned  into  dilute  urine  for  excretion.  The  fresh-water  fish 
does  not  have  to  drink. 

The  third  point  is  also  simple.  The  fish's  blood  is  a  weaker 
solution  than  sea  water  j  therefore,  sea  water  does  not  pass 
into  it  through  the  gill  membranes.  The  tendency  is  for  the 
reverse  to  happen — for  water  to  pass  out  of  the  fish's  bJood 
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through  the  gills  into  the  sea.  The  only  way,  then,  for  the 
marine  fish  to  obtain  water  is  to  drink.  It  actually  takes  large 
quantities  of  salt  water  into  its  stomach.  This  is  absorbed  into 
the  blood,  but  since  the  kidneys  of  the  fish,  unlike  those  of 
the  human,  are  capable  of  excreting  only  urine  more  dilute 
than  its  blood,  it  must  separate  the  water  from  the  salt  in 
order  to  have  dilute  water  to  form  its  urine.  This  task  is 
assigned  to  its  gill  membranes,  which  do  what  is  called  os- 
motic work  by  excreting  the  salt  back  into  the  sea.  In  other 
words,  they  force  the  salt  to  go  in  the  direction  of  the 
stronger  solution,  in  spite  of  its  natural  tendency  to  go  the 
other  way.  This  leaves  the  water  free  to  be  formed  into 
dilute  urine  by  the  kidneys,  and  at  the  same  time  prevents 
the  accumulation  of  too  much  salt  inside  the  fish's  body. 

And  so  the  fresh-  and  salt-water  fishes  have  to  have  quite 
different  excretory  mechanisms.  In  the  former,  water  con- 
stantly seeps  in  through  the  gills,  and  the  kidneys  must  be 
able  to  remove  it  in  large  quantities  from  the  blood  stream. 
In  the  latter,  water  is  taken  copiously  into  the  stomach  to 
make  up  for  what  escapes  through  the  gills  j  the  kidneys 
must  use  as  little  of  it  as  possible  for  the  excretory  solutions  j 
and  the  gills  must  be  able  to  get  rid  of  the  excess  salts  which 
the  water  brings  in.  Neither  set  of  equipment  is  suitable  for 
use  in  the  other  habitat,  and  so  the  salmon  and  the  eel,  which 
spend  parts  of  their  life  in  each,  have  to  have  both  sets.  How- 
ever, switching  from  one  to  the  other  is  not  always  a  simple 
matter.  Some  species  of  fish  can  support  a  swift  change,  but 
a  young  salmon  cannot  be  taken  from  a  stream  and  dumped 
into  salt  water.  It  is  only  when  the  proper  physiological 
moment  arrives,  signalized  by  the  appearance  of  the  silvery 
coating  of  guanin  in  the  skin,  that  he  can  make  the  change 
safely. 

The  sharks  and  rays  as  usual  do  things  differently.  In 
them,  the  concentration  of  the  blood  is  higher  than  sea  water. 
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so  they  are  in  the  same  position  as  a  bony  fish  in  fresh  water. 
They  absorb  it  directly  through  their  membranes,  and  since 
it  is  more  dilute  than  their  blood,  they  can  use  it  without 
alteration  to  form  their  urine.  Sharks  do  not  drink. 

It  is  only  recently  that  all  of  these  facts  were  learned. 
They  tell  us  at  last  what  the  difference  between  a  salt-water 
fish  and  a  fresh-water  fish  really  is.  They  bring  us  a  new 
understanding  of  the  obstacles  which  have  to  be  overcome  by 
such  fish  as  the  salmon  and  the  eel  when  they  pass  from  river 
to  marine  life  or  the  reverse.  And  they  force  us  to  modify 
our  old  expression  about  drinking  like  a  fish.  For,  since 
sharks  and  fresh-water  fish  do  not  drink  at  all,  if  we  want  to 
have  the  phrase  mean  anything,  we  must  qualify  it,  and  say 
that  a  man  drinks  "like  a  marine  bony  fish." 

Like  the  human  being,  the  fish  has  a  urinary  bladder.  This 
is  an  example  of  the  incorrigible  neatness  of  nature,  for  there 
seems  to  be  no  real  reason  for  such  an  organ  in  an  animal 
which  is  wet  all  the  time  anyway.  Its  existence,  however, 
offers  no  material  for  the  teleologist.  It  was  not  given  the 
fish  in  preparation  for  evolution  into  a  mammal,  for  the 
mammal's  urinary  bladder  is  formed  from  an  organ  which 
does  not  exist  at  all  in  the  fish.  In  the  marine  fishes  it  seems 
to  be  particularly  useless,  for  the  amount  of  urine  passed  is 
very  small.  The  fresh-water  fishes,  on  the  other  hand,  have  a 
very  large  discharge — as  high  as  100  to  150  cubic  centimeters 
per  day  per  kilogram  of  fish.  An  idea  of  what  this  means  can 
be  had  by  realizing  that  if  human  beings  operated  at  the  same 
rate,  a  150-pound  man  would  have  to  excrete  from  10  to  15 
pints  of  urine  a  day.  As  man's  bladder  has  a  capacity  of  only 
about  three-quarters  of  a  pint,  this  would  be  highly  in- 
convenient. 

And  one  further  comparison  is  of  interest.  In  the  fish,  the 
anal  opening  is  in  front  of  the  uro-genital,  which  is  some- 
times divided  into  two,  whereas  in  humans  the  position  of 
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the  two  openings  is  the  opposite.  How  we  succeeded  in  re- 
versing this  relationship,  whereas  we  were  unable  to  do  any- 
thing about  the  far  more  impractical  windpipe-gullet  busi- 
ness, is  something  which  no  one  has  yet  explained. 

CIRCULATION   OF  THE   BLOOD 

We  now  come  to  that  system  which  ties  together  all  the 
Other  internal  workings.  It  is  the  function  of  the  blood  to 
carry  to  every  living  cell  in  the  body  the  oxygen  and  the 
food  which  they  need  for  their  life-processes,  and  to  carry 
away  from  them,  to  places  where  they  can  be  disposed  of, 
the  carbon  dioxide  and  the  urea  and  the  other  excretory 
products  resulting  from  those  life-processes  j  and  also  to 
transport  to  the  places  where  they  are  needed  the  regulatory 
hormones  secreted  into  the  blood  by  the  ductless  glands. 

In  principle  the  system  is  simplicity  itself:  a  central  pump, 
the  heart,  with  a  series  of  pipes  to  carry  the  blood,  diminish- 
ing in  size  as  they  recede  from  the  heart  and  increasing  as 
they  return.  In  actual  construction  it  is  very  complex,  only 
slightly  less  so  than  that  of  the  human  being,  with  an  intri- 
cate network  of  thin-walled  capillaries  winding  through  the 
tissues  to  bring  them  their  blood. 

There  is  only  one  important  difference  between  the  fish's 
circulation  and  the  human's,  but  that  difference  is  so  great 
that  it  accounts  for  many  of  the  other  differences  between 
the  two  animals.  In  the  human  the  blood  goes  from  the 
heart  to  the  lungs  to  be  purified,  and  then  this  oxygenated 
blood  goes  back  to  the  heart  to  get  a  fresh  start  for  its  trip 
through  the  rest  of  the  body.  In  the  fish,  the  blood  goes 
from  the  heart  to  the  gills  to  be  purified,  and  then  goes  on 
through  the  body  without  any  second  impulse.  The  human 
has  two  blood  circuits,  the  fish  one,  as  shown  by  Figure  22. 

The  heart  is  a  bag  with  muscular  walls  capable  of  rhyth- 
mic contractions.  It  is  the  pressure  of  these  contractions  which 
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forces  the  blood  through  the  arteries  and  veins.  The  human 
heart  has  two  series  of  chambers,  a  right  auricle  and  ventricle, 
and  a  left  auricle  and  ventricle.  The  right  set  receives  used 
blood  from  the  body,  blood  which  has  given  up  its  oxygen 
and  has  absorbed  waste  products — so-called  "venous  blood" 
— and  forces  it  through  the  pulmonary  artery  to  the  lungs 
where  it  is  purified.  It  returns  to  the  left  auricle,  goes  thence 
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Figure  22.  BLOOD  SYSTEMS 


to  the  left  ventricle,  and  here  receives  the  impulse  which 
starts  it  on  its  journey  around  the  body.  The  right  side  of 
the  heart  deals  only  with  venous  blood,  the  left  side  only 
with  pure  blood. 

The  fish's  heart  lies  close  behind  its  mouth,  and  contains 
only  one  series  of  chambers.  Impure  or  venous  blood  enters 
the  base  of  the  heart,  and  is  forced  out  at  the  forward  end 
to  go  directly  to  the  gills.  Here  it  is  purified,  and  then  it 
continues,  forced  by  the  pressure  of  the  blood  behind  it, 
to  the  head  and  other  parts  of  the  animal.  The  fish's  heart 
deals  only  with  venous  blood. 

In  the  human,  the  stream  of  pure  blood  divides  after  it 
has  received  its  impulse  from  the  left  side  of  the  heart.  In 
the  fish,  this  division  takes  place  only  after  the  blood  has 
received  its  oxygen  supply  from  the  gills.  The  purpose  of 
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the  division  is  to  give  the  brain  a  supply  of  the  very  best 
blood,  for  in  both  fish  and  human,  one  stream  goes  directly 
to  the  head  and  then,  without  being  called  on  to  do  any 
further  work,  is  returned  to  the  heart  for  repurification. 
(This  is  not  shown  in  the  sketch  in  order  not  to  complicate 
the  diagram.)  The  other  stream  goes  to  all  the  rest  of  the 
organs.  It  goes  to  the  muscles  of  the  fins  and  tailj  it  goes 
through  the  kidneys  in  a  network  of  capillaries  known  as 
the  renal-portal  system,  where  it  disposes  of  some  of  the 
waste  products  of  which  it  has  relieved  the  other  tissues  j  it 
passes  around  the  digestive  tract,  where  it  absorbs  nourish- 
ment j  it  goes  through  the  liver  in  another  capillary  net- 
work called  the  hepatic  portal,  where  it  stores  some  of  the 
excess  nourishment,  and  it  finally  returns  to  the  heart. 

The  fish's  blood,  like  man's,  is  red  in  appearance  because 
of  red  blood  corpuscles,  and  these  corpuscles,  as  in  man,  con- 
tain that  substance  hemoglobin,  which  is  important  because 
of  its  ability  to  attract,  absorb,  and  transport  comparatively 
large  quantities  of  oxygen.  Compared  to  man's,  the  fish's 
blood  is  thick,  viscous.  It  does  not  flow  as  readily  as  man's 
does. 

Now  let  us  consider  the  combined  results  of  all  these  char- 
acteristics of  the  fish's  circulatory  system.  In  the  first  place, 
because  of  the  long  circuit  which  the  blood  has  to  make  on 
the  impulsion  of  only  one  series  of  heart  chambers,  it  is  under 
much  less  pressure  than  is  human  blood.  Cut  a  man's  artery 
and  the  blood  spurts  outj  cut  a  fish's  artery  and  it  just 
dribbles  out.  Because  of  this  low  pressure,  and  also  because 
of  its  viscosity,  the  fish's  blood  does  not  flow  so  fast  through 
its  vessels.  Because  of  this  comparatively  slow  flow,  and  also 
because  water  has  less  oxygen  to  yield  than  has  air,  the  oxy- 
genation of  the  fish's  blood  is  less  than  that  of  man's.  But 
low  oxygenation  means  low  temperature  j  and  the  cooling 
of  the  blood  by  the  surrounding  water  as  it  flows  through 
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the  gills  also  means  low  temperature.  So  by  a  long  process 
of  reasoning  we  arrive  at  a  conclusion  which  we  already 
know:  that  the  fish  is  a  "cold-blooded"  animal. 

Or,  if  we  wish  to  impress  our  friends,  we  can  call  it  a 
poikilo-thermal  animal.  In  either  case,  what  we  mean  is  that 
it  is  an  animal  whose  body  temperature  is  about  the  same  as 
the  surrounding  medium.  This  is  why  fish  are  so  sensitive 
to  changes  in  the  water.  If  it  were  not  for  the  comparative 
constancy  of  their  environment,  it  is  hard  to  see  how  they 
could  survive.  Natural  bodies  of  water  not  only  undergo  no 
sudden  and  violent  changes  of  temperature,  but  their  sea- 
sonal range  is  small,  compared  to  what  mammals  often  have 
to  withstand.  Mammals  may  have  to  face  variations  of  as 
much  as  one  hundred  degrees  between  midsummer  and 
midwinter,  whereas  fish  rarely  encounter  a  range  even  half 
as  large.  For  the  black  bass  the  extremes  are  probably  not 
over  fifty  degrees  apart,  for  most  of  the  trouts  forty  de- 
grees, for  the  tuna  thirty.  And  when  the  thermometer 
approaches  what  is  for  them  the  lower  limit,  many  fish  go 
into  a  state  of  hibernation.  They  lie  at  the  bottom.  No  move- 
ment is  made.  No  food  is  taken.  The  heart  slows  down,  and 
all  the  life  processes  are  at  a  low  rate.  The  fish  is  very  nearly 
in  a  state  of  suspended  animation. 


CHAPTER    VIII 

Reproduction  and  Growth 

IN  all  animal  species  except  the  very  lowest,  each  new 
individual  starts  life  as  an  tgg.  The  tgg  is  a  single  cell  pro- 
duced by  the  female  of  the  species.  It  cannot  develop  until 
it  has  been  entered  and  fertilized  by  a  single  cell  called  a 
sperm,  or  spermatozoon,  produced  by  the  male  of  the  species.^ 
The  tgg  contains  nutritive  elements  which  are  drawn  upon 
to  build  up  the  new  individual.  It  cannot  move.  The  sperma- 
tozoon is  very  much  smaller  than  the  tgg.  It  is  equipped  with 
some  form  of  tail,  by  which  it  is  able  to  move  itself  through 
a  liquid  medium,  just  as  a  tadpole  does.  It  is  the  active 


Figure  23.  RELATIVE  SIZES  OF  EGG  AND  SPERM  IN  THE 
FLOUNDER 

Magnification  about  30  diameters. 

^  Exceptions,  animals  whose  eggs  develop  fartheno genetically  (with- 
out fertilization)  have  no  bearing  on  this  discussion  and  will  not  be  dealt 
with  here.  These  are  all  invertebrates}  no  vertebrate  male  has  to  suffer  the 
indignity  of  being  so  ignored. 
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member,  and  its  duty  is  to  go  out  from  its  place  of  origin  in 
the  male,  and  to  seek  and  enter  the  tgg. 

There  are  two  basic  methods  for  bringing  about  the  union 
of  the  two  members.  In  the  first  and  simplest  the  egg  is  set 
free  from  the  mother  before  it  is  fertilized.  This  occurs  with 
the  oyster.  Millions  of  eggs  and  sperms  are  released  into 
the  water,  and  fertilization  is  entirely  a  matter  of  chance 
encounter.  This  method  can  be  used  only  by  animals  which 
live  in  the  water,  for  if  the  reproductive  cells  were  released 
in  this  casual  way  on  land  the  male  member,  being  capable  of 
movement  only  in  a  liquid  medium,  would  be  unable  to  seek 
the  female,  and  both  would  soon  die. 

The  second  method,  in  use  among  both  water-  and  land- 
dwelling  animals,  overcomes  this  difficulty.  The  sperm  is 
introduced  by  the  male  into  the  body  of  the  female,  where 
it  encounters  and  fertilizes  the  tgg.  This  is  a  more  efficient 
method  than  the  one  first  described,  because  the  reproductive 
cells  of  the  two  sexes  are  brought  together  in  a  restricted 
space  where  their  chance  of  encountering  each  other  is  in- 
creased. It  is  found  in  such  low  forms  as  the  flatworm,  of 
which  the  tapeworm  occasionally  parasitic  in  human  stomachs 
is  an  example,  and  in  such  high  forms  as  the  birds  and  human 
beings.  There  is,  however,  this  great  difference:  in  the  tape- 
worm and  the  bird,  the  tgg  is  released  after  fertilization  to 
develop  outside  j  in  the  human  it  remains  within  the  body  of 
the  female  parent  during  the  embryonic  stages  of  develop- 
ment, and  the  offspring  does  not  emerge  into  the  world  until 
it  is  a  more  or  less  finished  product.  In  the  bird,  the  tgg 
contains  abundant  nutritive  elements  in  the  form  of  a  yolk, 
on  which  the  embryo  feeds  during  development  5  in  the  hu- 
man and  all  other  mammals  the  tgg  contains  comparatively 
little  yolk,  and  the  embryo  depends  on  the  blood  of  the 
mother  for  nourishment.  It  is  not  true,  however,  as  many 
people  think,  that  the  blood  of  the  mother  flows  through 
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the  veins  of  her  baby;  what  happens  is  that  the  blood  ves- 
sels of  the  mother  are  brought  into  such  intimate  contact 
with  the  membranes  surrounding  the  developing  child  that 
the  necessary  nourishment  passes  from  one  to  the  other 
through  the  very  thin  and  permeable  walls. 

Boiled  down  to  their  elements,  there  are  three  basic  sys- 
tems: (i)  external  fertilization  and  external  development 5 
(2)  internal  fertilization  and  external  development j  (3) 
internal  fertilization  and  internal  development. 

Fish  are  able  to  make  use  of  all  three  of  these  methods. 
They  are  the  only  vertebrates,  aside  from  the  amphibians, 
which  use  method  Number  i.  They  utilize  method  Number 
3  in  a  form  as  fully  developed  as  the  mammals.  And  they 
have  made  modifications  in  method  Number  2  until  it  is  at 
times  unrecognizable. 

The  great  majority  of  them  favor  Number  i.  Some  of 
the  species  have  made  refinements  on  the  old  system,  but 
others  use  it  in  all  its  original  simplicity.  That  little  cousin 
of  the  tuna,  the  mackerel,  is  an  example:  males  and  females 
come  together  in  great  schools  at  the  spawning  season  and, 
indiscriminately  and  without  any  apparent  mating,  release 
their  reproductive  cells  into  the  water.  It  is  up  to  chance  to 
do  the  rest.  Whether  sperm  meets  egg,  and  whether  fer- 
tilized egg  survives  and  develops  into  a  new  mackerel,  is  of 
no  more  concern  to  the  parent  mackerel  than  if  it  were  an 
oyster.  The  term  "poor  fish"  seems  fully  justified  here,  for 
there  appears  to  be  no  consciousness  of  sex,  no  gratification 
from  the  sex  act — nothing  more  than  a  relief  from  the  pres- 
sure of  overabundant  sex  products. 

The  trout  do  better.  Here  there  is  an  unmistakable  pair- 
ing, a  preparation  of  the  bottom  for  the  eggs  by  the  female, 
an  accompanying  defense  by  the  male,  and  a  collaborative 
sex  act,  as  we  shall  see  in  a  later  chapter.  When  the  whole 
process  is  finished  the  parents  separate  and  go  about  their 
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respective  businesses,  but  at  least  during  the  few  hours  of 
spawning  each  was  conscious  that  the  eggs  existed,  that  certain 
things  had  to  be  done  in  connection  therewith,  and  that  there 
was  another  individual  who  played  an  important  part  in  the 
proceedings. 

Among  aquarium  fishes  there  are  some  which,  v/hile  still 
releasing  the  reproductive  cells  of  both  sexes  into  the  water, 
take  complicated  measures  to  ensure  the  fertilization  and  de- 
velopment of  the  eggs.  Betta,  the  Siamese  fighting  fish,  is  a 
well-known  instance,  and  in  this  species,  as  well  as  in  the 
paradise  fish  and  other  near  relatives,  the  male  is  the  leading 
spirit.  When  he  feels  the  urge  to  spawn  he  advertises  the 
fact  by  building  a  "bubble-nest."  This  is  a  collection  of 
bubbles  on  top  of  the  water,  sometimes  under  a  floating 
leaf,  sometimes  in  an  open  space  between  several  leaves.  To 
construct  it,  the  male  comes  to  the  surface,  takes  air  into  his 
mouth,  retires  to  the  chosen  spot,  and  there  releases  little 
bubbles,  one  after  the  other,  each  covered  with  a  sticky  coat- 
ing from  his  mouth  which  prevents  it  from  bursting  and 
makes  it  adhere  to  the  others.  This  process  he  repeats  until 
he  has  a  dome  of  bubbles  anywhere  from  one  to  two  inches 
in  diameter  and  protruding  sometimes  as  much  as  half  an 
inch  above  the  surface  of  the  water  (see  Figure  28). 

He  then  takes  his  post  under  his  nest,  and  attacks  all  in- 
truders. With  gill  covers  projecting,  with  stiffened  fins,  and 
with  intensified  coloring — all,  it  may  be  noted,  tending  to 
make  him  look  larger  than  he  actually  is — he  sidles  threat- 
eningly up  to  any  stranger.  If  the  latter  is  a  male,  a  fight 
ensues  in  which  the  home-owner,  through  some  submarine 
working  of  the  law  of  moral  right,  almost  always  wins.  If 
the  stranger  is  an  unripe  female  she  flees j  but  if  it  be  a  ripe 
female  she  refuses  either  to  fight  or  to  flee,  and  the  only 
thing  left  to  do  is  to  make  love. 

The  male  swims  around  her  and  slaps  her  with  his  tail. 
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He  goes  to  the  bubble-nest  and  adds  a  few  bubbles.  He 
drives  her  off  and  then  lets  her  follow  him  back.  She  begins 
to  poke  him  in  the  side  with  her  nose.  This  demonstration 
of  affection  is  too  much  for  him.  He  herds  her  under  the 
nest.  Their  two  bodies  come  close  together.  She  pokes  him 
once  more.  He  wraps  himself  around  her  in  a  half  circle,  she 
turns  on  her  back,  and  ten  or  fifteen  eggs  come  from  her 
vent.  Quivering,  clinging  together,  they  sink  slowly  toward 
the  bottom,  then,  still  in  the  attitude  of  the  embrace,  their 
bodies  drift  gently  apart.  He  recovers,  takes  in  his  mouth 
the  eggs,  which  are  also  sinking,  and  carries  them  up  to  the 
bubble-nest  in  which  he  places  them.  After  a  short  interval 
the  embrace  is  repeated,  and  this  continues  until  she  is  empty 
of  eggs.  Her  parental  role  is  now  ended.  She  is  not  only  at 
liberty,  but  actually  under  compulsion,  to  go  on  her  carefree 
way,  for  the  male  no  longer  permits  her  to  share  his  home. 
He  drives  her  out,  and  mounts  solitary  guard  under  the  nest. 
Here  he  remains,  making  such  repairs  as  are  necessary  and 
replacing  such  eggs  as  fall  out,  until  the  young  are  hatched. 
For  several  days  thereafter  he  continues  to  guard  his  wrig- 
gling infants,  until  he  suddenly  becomes  fed  up  with  the 
whole  idea,  turns  cannibal,  and  those  of  his  offspring  which 
do  not  at  once  strike  out  for  themselves  are  eaten. 

The  betta's  courtship  and  mating  all  takes  place  in  the 
space  of  a  few  hours,  but  some  of  the  nest-building  cichlids, 
of  which  the  orange  chromide,  the  scalare,  the  acara,  and 
the  jewel  are  the  best  known,  have  a  more  elaborate  love- 
life  in  which  both  male  and  female  take  an  active  part.  Readi- 
ness for  spawning  is  indicated  by  a  brightening  of  the  color- 
ing in  both  sexes,  this  being  especially  noticeable  in  the  jewel, 
which  changes  from  characterless  sandy-beige  to  a  brilliant 
red  with  sparkling  blue  spots.  If  the  male  has  no  mate,  his 
next  step  is  to  stake  out  a  claim  on  a  piece  of  territory. 
From  this  domain  he  drives  all  other  fish,  using  the  same 
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tactics  of  projecting  gill  covers  and  extended  fins  which  we 
noted  in  the  betta.  Unripe  fish,  even  though  much  larger, 
will  make  no  attempt  to  stand  against  him.  Other  ripe  males 
fight  back,  and  the  vanquished  in  the  battle  loses  his  bright 
coloring  and  retires  from  the  field.  A  ripe  female,  as  in  the 
betta,  will  neither  fight  nor  flee.  There  follows  a  prolonged 
courtship,  often  lasting  several  days.  The  two  fish,  both  in 
brilliant  coloration,  join  forces  in  defending  the  occupied 
territory.  They  slap  each  other  with  their  tails.  They  stand 
on  their  heads  in  the  sand  and  vibrate.  They  select  some 
hard  surface  like  a  piece  of  rock,  and  clean  it  of  all  dirt  and 
weed  by  polishing  it  with  their  mouths.  They  dig  pits  in  the 
sand.  At  last  the  moment  arrives.  The  female  swims  slowly 
over  the  rock,  depositing  on  it  a  row  of  from  five  to  twenty 
adherent  eggs,  and  now  the  reason  for  the  rock-polishing 
becomes  apparent,  for  if  the  surface  were  not  clean  the  eggs 
would  not  stick  to  it.  She  swims  off  a  short  distance  and  waits 
while  the  male  moves  over  the  same  spot,  fertilizings  then 
she  returns  to  lay  more.  This  goes  on  for  about  an  hour,  the 
unengaged  member  keeping  all  other  fish  at  bay,  until  there 
is  a  beautifully  geometric  circle  of  several  hundred  fertilized 
eggs.  (See  Plate  IV.)  These  the  parents  guard  until  they 
hatch.  While  the  young  are  helpless  they  move  them  from 
place  to  place  in  their  mouths.  After  they  have  learned  to 
swim  they  herd  them  about  and  drive  away  enemies,  quite 
like  a  hen  with  its  chicks. 

Aside  from  the  fact  that  fertilization  is  external  instead 
of  internal,  the  parental  behavior  is  every  bit  as  complex  as 
that  of  most  birds.  And  even  though  copulation  does  not 
take  place,  the  sex  life  of  the  parents  seems  to  be  as  complete 
as  that  of  birds,  and  certainly  far  more  so  than  that  of  most 
reptiles  and  amphibia.  For  we  have  selection  of  mates,  court- 
ship accompanied  by  brilliant  courting  colors  and  an  elaborate 
pattern  of  activities,  a  prolonged  period  of  fertilization,  and 
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a  bond  between  the  mates  which  often  outlasts  the  period 
during  which  the  young  need  care,  and  holds  the  parents 
together  for  another  spawning.  In  some  cases  it  is  very  diffi- 
cult to  persuade  either  member  of  a  couple  to  accept  another 
mate,  even  during  the  intervals  between  successive  broods, 
and  although  absolute  monogamy  has  never  been  proved 
there  have  been  instances  which  seemed  to  bear  all  the  ear- 
marks of  that  sacred  institution. 

Method  Number  2,  internal  fertilization  with  external 
development  of  the  eggs,  is  used  among  more  animal  groups 
than  either  of  the  two  others.  It  is  common  among  the  in- 
vertebrates, and  it  is  the  only  method  employed  by  the  rep- 
tiles and  the  birds.  It  is  not  uncommon  among  fish,  but  only 
rarely  does  it  occur  in  its  pure  and  easily  recognizable  form, 
in  which  the  fertilized  egg  is  released  from  the  body  of  the 
mother  and  hatches  outside.  In  some  of  the  rockfishes  of  the 
Pacific  coast,  this  is  the  case,  but  in  other  species  of  this 
group  the  egg  is  retained  inside  the  female  and  hatches 
there,  and  what  emerges  is  a  young  fish.  While  this  would 
appear  to  be  a  form  of  method  Number  3  (internal  develop- 
ment), it  is  not  truly  so  as  long  as  no  nourishment  is  received 
from  the  mother.  In  the  rockfish  there  is  no  more  connection 
between  the  developing  embryos  and  their  mother  than  there 
is  between  a  hen  and  the  eggs  on  which  she  is  sittings  the 
female  fish's  body  is  merely  the  nest  in  which  the  eggs  re- 
main until  they  hatch.  She  sits  on  her  eggs  not  by  covering 
them  with  her  body  but  by  keeping  them  inside  her  body. 
Her  eggs,  just  like  the  hen's,  draw  upon  their  own  yolk,  not 
upon  their  mother's  blood  stream,  for  nutrition.  Develop- 
ment of  the  eggs  is  external  to  her  tissues,  even  though  it 
takes  place  within  her  body  cavity. 

In  GambusMy  the  well-known  mosquito  fish,  the  process  is 
similar;  in  the  guppy  of  home  aquarium  fame,  only  slightly 
modified;  and  from  there  on  we  proceed  through  various 
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gradations  to  pure  examples  of  method  Number  3,  where  the 
tgg  contains  practically  no  yolk,  and  all  nourishment  for  the 
developing  young  is  received  from  the  mother.  The  means 
by  which  this  is  accomplished  are  diverse.  In  some  the  young 
fish,  free  in  the  ovarian  cavity,  merely  absorb  maternal 
fluids.  In  others,  processes  are  formed  which  bring  the  mem- 
branes of  mother  and  child  in  close  contact  j  or  flaps  grow 
from  the  mother's  tissues  into  the  gill  openings  of  the  baby, 
or  from  the  anal  orifice  of  the  baby  to  the  ovarian  walls.  And 
in  one  instance,  the  embryo  actually  feeds  on  the  mother, 
for  in  its  digestive  tract  have  been  found  traces  of  her 
broken-down  follicular  tissue,  and,  in  addition,  of  dead 
sperms  which  had  entered  the  ovarian  passages  without  ful- 
filling their  mission,  as  well  as  the  remains  of  other  embryos 
which  had  presumably  failed  to  survive  after  development 
had  started.  Here  is  cannibalism  at  an  early  age  indeed! 

Method  Number  3,  then — ^internal  fertilization  and  in- 
ternal development — has  in  fish  evolved  from  Number  2. 
It  has  evolved  separately  and  in  different  ways  in  different 
groups.  And  it  is  in  the  primitive  sharks  that  it  has  most 
closely  approached  the  mammal.  Internal  fertilization  is 
common  among  sharks,  the  male  introducing  the  sperm  into 
the  female  with  modifications  of  his  ventral  fins  called 
"claspers."  In  many  species  the  eggs  are  then  extruded  into 
the  water,  a  pure  example  of  method  Number  2;  but  in 
some  there  is  true  internal  development,  and  in  at  least  one 
species  the  blood  stream  of  the  embryo  and  that  of  the 
mother  have  been  brought  into  a  relationship  every  bit  as 
close  as  that  found  in  the  placenta  of  the  mammal.  If  this 
primitive  fish  had  some  means  of  furnishing  its  infant  with 
nourishment  from  its  own  body  after  birth  it  would  be 
reproductively  on  a  par  with  us. 

However,  this  is  a  far-flung  exception.  In  the  great  ma- 
jority of  fish,  fertilization  takes  place  in  the  water  and  the 
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egg  develops  in  the  water.  It  is  because  of  this  that  fish  are 
practical  subjects  for  large-scale  artificial  propagation.  Such 
propagation  falls  into  three  general  categories.  The  first,  in 
which  the  parents  are  killed,  is  the  simplest.  This  is  used 
especially  in  connection  with  commercial  fisheries,  many  of 
which  concentrate  on  the  fish  at  the  time  they  are  gathered 
together  for  spawning.  "Ripe"  females  caught  in  the  nets — 
meaning  those  in  which  the  sex  products  are  mature — are 
opened  and  their  eggs  removed  and  fertilized  with  sperm- 
bearing  milt  taken  from  the  males.  Sometimes  this  is  done 
on  board  the  fishing-boat,  either  by  government  agents  or 
by  fishermen  who  receive  extra  pay  for  the  work.  If  the  eggs 
are  of  the  kind  which  float,  they  are  returned  to  the  sea  to 
develop  while  drifting  naturally  j  otherwise  they  may  be  sent 
to  some  kind  of  hatchery.  There  has  been  much  debate  as  to 
the  value  of  this  work,  its  opponents  maintaining  that  the 
number  of  young  it  produces  is  so  small  in  comparison  to  the 
enormous  numbers  provided  by  nature  that  it  is  not  worth 
while.  When  you  realize  that  a  single  school  of  herring  has 
been  estimated  to  contain  three  billion  individuals,  while 
scores  of  such  schools  exist  in  the  Atlantic  and  the  North 
Sea;  that  commercial  fishermen  take  from  the  seas  of  the 
world  some  forty  billion  pounds  of  fish  yearly;  that  this 
catch  is  only  a  fraction  of  those  which  are  left  in  the  water; 
and  that  of  those  left  in  the  water  at  least  half  are  females 
each  producing  from  twenty  thousand  to  two  and  a  half 
million  eggs  per  year,  you  begin  to  understand  the  validity 
of  the  argument.  The  fact  is  that  this  type  of  work  is  now 
carried  on  less  extensively  than  it  used  to  be,  except  in  cases 
where  restricted  numbers  make  it  of  value. 

A  variant  of  the  system  is  applied  to  the  salmon  of  our 
Pacific  coast,  especially  in  restoring  the  supply  in  streams 
where  the  natural  run  has  been  endangered  by  dams  or  other 
man-made  interference.  All  these  salmon  die  as  soon  as  they 
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have  spawned  once.  Fish  are  caught  as  they  ascend  the  rivers, 
and  held  in  pens  until  they  are  ripe.  The  female  is  killed  and 
cut  carefully  open.  Her  eggs  are  poured  into  a  receptacle, 
fertilized  with  milt,  and  placed  in  a  hatchery  trough  with 
flowing  water.  In  due  time  the  young  hatch,  and  are  re- 
turned to  the  stream.  The  corpses  of  the  parents,  while  not 
inedible,  have  lost  condition  to  such  an  extent  that  they  are 
not  marketable.  However,  they  are  not  wasted.  Their  own 
young,  and  the  young  of  trout,  have  no  objection  to  them, 
so  they  are  often  preserved  and  ground  up  to  feed  to  finger- 
lings  which  are  being  reared  in  hatcheries. 

Most  of  the  salmon  caught  for  the  commercial  canneries 
have  eggs  not  ripe  enough  for  fertilization.  These  are  not 
wasted  either.  Some  are  preserved  and  put  in  jars  and  sold 
to  fishermen  to  use  as  bait.  Most  of  them  are  made  into 
salmon-egg  meal,  which  is  recognized  by  growers  of  trout 
as  one  of  the  best  foods  for  the  young.  It  is  especially  efiica- 
cious  in  bringing  out  those  bright  colors  which  delight  the 
anglers  who  catch  the  fish  after  they  have  been  released  in 
natural  waters.  All  in  all,  the  Pacific  salmon  adds  a  lot  to  the 
trout  fisherman's  happiness. 

The  second  method  of  artificial  propagation  is  very  like 
the  first,  except  that  the  parents  are  preserved  alive  to  spawn 
another  season.  The  trouts  are  the  outstanding  example,  and 
the  process  is  practically  identical  in  its  application  to  the 
various  species.  The  fish,  whether  wild  adults  trapped  in 
natural  waters,  or  hatchery  breeding  stock,  are  kept  until 
they  are  ripe.  One  man  with  wet  woolen  gloves  then  holds  a 
female  by  the  head  and  tail  while  his  partner  massages  or 
"strips"  the  eggs  out  of  her  into  a  receptacle.  A  fifteen-inch 
rainbow  or  brook  trout  will  furnish  over  a  thousand  eggs,  a 
thirty-inch  steelhead  over  seven  thousand.  The  female  is  re- 
placed in  the  water,  and  a  few  drops  of  milt  from  a  male, 
held  in  the  same  way,  are  expressed  over  the  eggs  and  gently 
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stirred  into  the  mass.  They  are  set  aside  for  an  hour  to 
harden,  for  the  eggs  when  they  first  reach  the  water  are 
soft  and  slightly  sticky.  At  the  end  of  that  time  they  can  be 
placed  in  the  flowing  current  of  the  hatchery  troughs,  where 
they  remain  until  they  hatch.  The  young  can  be  put  in  the 
waters  to  be  stocked  as  soon  as  the  yolk-sac  is  absorbed,  or 
they  can  be  retained  and  fed  until  they  reach  any  desired 
size. 

Trout  are  particularly  well  suited  to  the  artificial  method 
for  two  reasons.  In  the  first  place  the  eggs,  while  not  set 
free  in  the  body  cavity  as  has  often  been  stated,  are  so  loosely 
held  by  a  thin  membrane  that  the  trained  human  hand  can 
easily  manipulate  them  along  the  troughlike  duct  and  out 
the  abdominal  opening.  (Both  membrane  and  duct  are  so 
delicate  that  it  is  difficult  to  open  a  trout  without  destroying 
them,  and  they  are  therefore  rarely  seen.)  And  in  the  second 
place,  the  eggs  are  only  very  slightly  adhesive  even  at  first, 
and  soon  after  extrusion  absorb  water  to  such  an  extent  that 
they  become  hard  and  elastic. 

There  are  other  game  fish  in  which  artificial  spawning  is 
practically  impossible.  In  such  a  highly  desirable  form  as 
the  black  bass,  the  eggs,  smaller  and  held  by  a  much  tougher 
membrane,  are  hard  to  "strip"  from  the  fish.  They  are  very 
sticky,  and  adhere  to  whatever  they  first  touch.  The  term 
"artificial  propagation"  is  almost  a  misnomer  as  applied  to 
them,  for  the  third  method  is  artificial  only  in  that  the  fish 
are  confined  in  prepared  ponds.  Here  the  adults,  either  cap- 
tured from  the  wild  or  raised  for  breeding  purposes,  are 
kept  in  a  ratio  of  about  two  females  to  one  male,  and  here 
they  deposit,  care  for,  and  hatch  out  their  eggs  just  as  they 
would  in  natural  waters.  Either  the  fry  or  the  parents  can 
be  moved  to  other  ponds  after  hatching  to  prevent  can- 
nibalism, and  if  golden  shiners  or  other  small  fish  have  been 
allowed  to  spawn  in  the  water  at  the  same  time  their  off- 
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spring  will  furnish  such  excellent  food  for  the  little  bass  that 
the  latter  will  grow  prodigiously.  The  bass-raising  pond 
bears  about  the  same  relation  to  the  trout  hatchery  that  a 
cattle  ranch,  where  the  animals  breed  on  the  range  and  forage 
for  their  own  food,  bears  to  a  chicken  farm,  where  the  eggs 
are  hatched  in  incubators  and  the  chicks  are  fed  by  hand. 

The  time  between  fertilization  of  the  egg  and  its  hatching 
varies  in  different  species.  In  the  brook  trout  it  may  take  as 
long  as  four  to  five  months  j  in  the  muskellunge  the  time 
varies  from  six  to  twenty  days;  in  the  black  bass  twelve  days 
is  the  upper  limit,  and  in  the  striped  bass  two  days  suffices 
at  normal  temperatures.  In  general,  large  eggs  require  more 
time  than  small  eggs.  And  it  may  be  taken  as  axiomatic  that 
in  any  species  the  warmer  the  water,  within  the  supportable 
limits,  the  more  quickly  the  eggs  will  hatch. 

The  size  of  the  young  when  they  emerge  from  the  ^g^ 
varies  with  its  size,  for  it  must  be  remembered  that  the  fry 
have  to  be  small  enough  to  remain  curled  up  inside  until 
they  hatch.  Most  of  the  better-known  marine  fishes  have 
floating  eggs  of  very  small  diameter — one-twenty-fifth  of  an 
inch  and  under — whereas  the  eggs  of  almost  all  the  fresh- 
water fish  sink,  and  are  larger,  reaching  one-quarter  inch  and 
more  in  the  salmon.  From  this  it  can  be  seen  that  the  larger 
fish  often  have  the  smaller  eggs,  and  that  fish  may  be  smaller 
as  fry  than  the  contemporary  young  of  other  species  which 
they  greatly  surpass  as  adults.  Trout  fry  are  half  an  inch 
long  or  over,  but  little  swordfish,  whose  mother  may  have 
weighed  hundreds  of  times  as  much  as  the  trout's,  are  only 
one-quarter  of  an  inch  long. 

The  young  of  most  fish  are  at  this  stage  by  no  means 
perfect.  They  have  comparatively  huge  eyes.  They  have 
transparent  bodies  through  which  the  beating  of  the  heart 
can  be  plainly  seen.  Their  fins  are  rudimentary,  and  often 
attached  to  each  other  by  the  "fin-fold"  which  later  dis- 
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appears.  Most  conspicuous  is  a  semi-transparent,  often  bright 
red  or  yellow,  globular  mass  extending  along  the  under 
side  of  the  body  for  half  of  its  length,  which  so  impairs  navi- 
gation that  the  little  animal  is  helpless  to  move,  or  at  best 
can  shoot  forward  a  short  distance  by  violent  wiggling  of  its 
tail.  This  is  the  yolk-sac,  and  contains  what  remains  of  the 
tgg  material  out  of  which  the  fish  developed.  The  fry  con- 
tinues to  live  on  this  for  some  time  5  in  some  species  the 
mouth  has  no  opening  at  the  time  of  hatching,  and  begins  to 
function  only  after  this  rich  embonpoint  has  been  absorbed. 
Not  until  then  does  the  fry  have  to  start  scratching  for  its 
own  living.  In  fact,  it  is  not  until  then  that  it  is  capable  of 
moving  enough  to  secure  its  own  food. 

In  a  few  species  there  is  a  great  difference  in  appearance 
between  the  young  and  the  mature  fish.  An  outstanding  ex- 
ample is  the  common  eel.  Its  young  was  for  years  thought 
to  be  a  fish  of  an  entirely  different  species,  and  the  physio- 
logical processes  which  accompany  its  transformation  to  the 
adult  condition  are  almost  as  complicated  as  in  insect  larvae. 

But  in  the  majority  of  species  the  young  are  enough  like 
the  adult  to  be  easily  recognizable.  Most  of  them  differ  in 
color  or  in  color  pattern  from  their  parents,  and  also  in  the 
proportions  of  the  skeleton,  but  aside  from  the  gradual 
changes  in  these  features,  about  all  that  happens  from  the 
time  a  fish  graduates  from  the  yolk-sac  until  it  reaches  ma- 
turity is  that  it  grows.  Fish,  unlike  birds  and  mammals, 
never  entirely  stop  growing.  The  habit  of  establishing  a 
definite  size  limit,  beyond  which  the  animal  does  not  go,  and 
which  comes  to  be  looked  upon  as  the  normal  size  for  that 
animal,  seems  to  be  associated  mainly  with  warm-blooded- 
ness,  for  in  most  of  the  cold-blooded  groups  such  limits  do 
not  exist.  You  may  speak  of  a  full-grown  man,  or  a  full- 
grown  horse,  or  a  full-grown  canary,  but  there  is  no  such 
thing  as  a  full-grown  oyster  or  a  full-grown  rattlesnake  or  a 
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full-grown  trout.  Fish,  or  most  of  them,  anyway,  continue 
to  grow  as  long  as  they  live  and  as  long  as  they  obtain  food 
in  a  quantity  greater  than  the  amount  necessary  to  maintain 
the  body  in  a  normal  state  of  upkeep  and  repair.  The  rate  of 
growth  varies  in  different  species,  and  varies  within  the 
species  at  different  ages.  In  general,  it  is  faster  in  young  fish 
than  in  old  fish,  the  most  marked  slowing-down  coming  at 
the  age  of  maturity,  by  which  is  meant  the  age  at  which  the 
fish  is  ready  to  spawn.  From  that  time  on  the  growth  is  apt 
to  be  much  slower,  probably  because  so  much  food  is  needed 
for  the  manufacture  of  sex  products,  and  also  because  many 
fish  take  no  food  during  the  spawning  period  and  therefore 
have  to  rebuild  their  depleted  tissues,  when  they  start  feeding 
again,  before  they  can  add  anything  to  their  growth.  Such 
fish  may  show  only  very  slight  annual  increases  in  size  after 
the  age  of  maturity,  but  a  definite  and  measurable  increase 
can  nevertheless  occur  every  year. 

The  arrival  at  maturity — at  that  condition  where  the  eggs 
or  spermatozoa  are  ready,  where  the  creation  of  new  indi- 
viduals is  possible — is  the  great  moment  in  the  fish's  life.  It 
may  come  early,  or  it  may  come  late,  measured  not  only  in 
absolute  units  of  time  but  also  in  comparison  to  the  life-span 
of  the  fish.  Cichlids  like  the  jewel  are  ready  to  spawn  at  the 
age  of  four  months,  when  they  are  about  two  inches  long; 
and  jewels  have  been  known  to  live  five  years  and  to  reach 
a  length  of  five  inches.  In  other  words,  the  jewel  matures 
when  it  has  lived  only  one-fifteenth  of  its  possible  life,  and 
reached  only  one-fifteenth  of  its  possible  weight.^  The  golden 
trout  in  the  upper  Cottonwood  Lakes  of  California  matures 

^  Since  in  almost  all  species  of  fish,  weight  is  proportional  to  the  cube 
of  length,  a  two-inch  jewel  weighs  only  about  one-fifteenth  of  a  five-inch 
jewel : 
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at  the  end  of  the  third  or  fourth  year  and  at  an  average 
length  of  ten  inches.  One  of  the  biggest  recorded  in  recent 
years  was  fifteen  inches  long  and  six  years  old:  it  matures 
therefore  when  it  has  lived  one-half  to  two-thirds  of  its 
possible  life  and  reached  about  one-third  of  its  possible 
weight.  The  king  salmon  spawns  generally  in  its  fourth  or 
fifth  year  and  dies  immediately  thereafter:  it  matures  there- 
fore at  the  end  of  its  life  and  at  its  maximum  weight. 

Once  a  fish  has  reached  maturity  its  insides  become  prin- 
cipally a  factory  for  the  production  and  storage  of  sex  prod- 
ucts. The  basic  elements  are  tissues  called  ovaries  or  testes, 
depending  on  the  sex,  which  produce  either  eggs  or  sperma- 
tozoa. They  form  two  masses,  one  each  side  of  and  above  the 
digestive  organs.  In  the  trouts  and  their  relatives,  the  ovarian 
walls  do  not  entirely  surround  the  eggs,  and  the  ducts  which 
lead  to  the  genital  aperture  are  open  troughs,  so  that  eggs 
can,  and  sometimes,  especially  in  the  process  of  stripping,  do 
escape  into  the  body  cavity.  Such  eggs  can  never  be  extruded, 
and  must  be  absorbed  by  the  tissues.  In  most  fish,  however, 
the  ovaries  are  complete  sacs  with  closed  tubes  leading  to  the 
outside.  This  system  seems  more  efficient  than  the  mammals', 
for  in  the  latter  there  is  a  gap.  The  mammalian  ovaries  are 
separate  organs  which  have  no  connection  with  the  uterus. 
The  ova  are  thus  set  free  in  the  body  cavity,  and  it  is  up  to 
slender  arms  of  the  uterus  called  Fallopian  tubes  to  corral 
them  and  bring  them  in.  For  this  purpose  the  tubes  have 
funnel-like  open  ends  located  close  to  the  ovaries,  and  a 
vacuum-cleaner  suction  to  sweep  up  loose  objects,  but  even 
at  that  an  ovum  sometimes  lingers  in  the  open  spaces,  and 
once  in  a  while  is  caught  and  fertilized  in  this  embarrassing 
position  by  a  far-traveling  sperm.  "Extra-uterine"  pregnancy 
is  the  result.  The  primitive  sharks  have  the  same  gap  be- 
tween the  ovaries  and  the  oviducts,  and  it  looks  as  though 
the  closed  system  of  the  bony  fishes  is  an  improvement  which 
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they  invented  after  they  had  branched  off  from  the  main  line 
of  evolution. 

The  amount  of  space  taken  up  by  the  ripe  sex  products 
in  most  fish  is  comparatively  tremendous.  The  ovaries  of  a 
cow  form  only  an  infinitesimal  fraction  of  her  total  weight, 
whereas  the  ovaries  of  a  salmon  may  make  up  from  one- 
fourth  to  one-fifth  of  her  total  weight.  In  most  fish  the  ripe 
eggs  not  only  completely  fill  the  body  cavity  but  swell  it  out 
to  a  very  matronly  plumpness.  In  some  species  the  whole 
mass  of  eggs  comes  to  the  state  of  ripeness  at  approximately 
the  same  time,  and  is  released  at  one  time,  or  at  most  over 
a  period  of  a  few  days,  immediately  after  which  the  process 
of  forming  new  reproductive  cells  begins  again.  No  sooner 
is  one  lot  disposed  of  than  another  lot  is  on  its  way,  so  that 
the  mature  female  has  inside  her  eggs  at  some  stage  of 
fruition  at  any  time  except  immediately  after  spawning.  In 
other  species  not  even  this  hiatus  occurs,  for  the  female  car- 
ries several  generations  of  eggs  at  once.  Ripe  eggs  to  be 
spawned  in  the  immediate  future,  unripe  eggs  to  be  spawned 
in  the  next  cycle,  and  the  tiny  rudiments  of  eggs  to  be 
spawned  in  years  to  come,  are  all  present  together. 

The  interval  between  spawning  varies  with  the  species.  In 
some  of  the  small  tropicals  it  is  astonishingly  short:  four 
days  after  the  production  of  one  batch  of  eggs  the  female  is 
ready  with  another,  while  the  male  is  apparently  never 
unready  to  do  his  part.  This  rate  cannot  continue  indefinitely. 
Longer  lapses,  and  rest  periods,  occur.  But  the  number  of 
times  which  they  are  capable  of  spawning  during  their  lives 
seems  limitless. 

The  temperate-zone  fishes  proceed  at  a  more  deliberate 
pace.  Most  of  them  have  definite  breeding-seasons,  and 
spawn  but  once  a  year.  The  number  of  spawnings  therefore 
depends  on  the  length  of  life  of  the  fish.  In  the  trouts  it  is 
limited  by  this  factor  to  a  maximum  of  seven  or  eight,  with 
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a  total  life-span  of  fifteen  years  not  unknown.  Some  fish  live 
much  longer — figures  of  thirty  years  for  the  striped  bass, 
sixty  years  for  the  carp,  are  mentioned — and  therefore  spawn 
a  greater  number  of  times. 

As  for  the  number  of  eggs,  it  depends  on  the  size  of  the 
body  cavity  of  the  fish  and  on  the  diameter  of  the  egg.  Within 
any  species  the  diameter  does  not  vary  greatly,  and  small 
females  will  therefore  have  fewer  eggs  than  large  females 
of  the  same  species.  However,  there  is  a  much  more  signifi- 
cant variation,  of  which  the  relative  size  of  body  cavity  and 
of  tgg  is  only  an  expression.  It  is  a  variation  found  through- 
out the  animal  kingdom,  and  it  is  dependent  on  the  extent  to 
which  the  parent  provides  for  the  survival  of  its  offspring. 

In  the  oyster,  where  fertilization  is  a  matter  of  luck,  and 
where  survival  of  the  fertilized  egg  to  maturity  is  pre- 
carious, the  number  of  eggs  produced  by  each  individual 
at  each  spawning  is  in  the  millions.  In  the  human  being, 
where  parents  give  much  more  care  not  only  to  fertilization, 
but  also  to  the  protection  of  the  offspring  until  it  matures, 
only  one  child — normally — is  produced  at  a  time. 

The  same  principle  holds  for  the  fishes.  The  cod,  with 
floating  eggs  which  drift  in  the  open  sea,  may  produce  as 
many  as  nine  million  j  fertilization  and  survival  are  largely 
a  matter  of  chance.  Trout,  as  we  shall  see  in  the  next  chap- 
ter, prepare  nests,  choose  mates,  and  provide  for  a  certain 
amount  of  postnatal  care  of  the  young:  their  eggs  number  in 
the  lower  thousands.  And  in  the  guppy,  where  the  young 
remain  in  complete  safety  in  the  body  of  the  mother  until 
they  can  fend  for  themselves,  fifty  at  a  time  is  considered  a 
good-sized  family.  The  greater  the  parental  care,  the  smaller 
the  number  of  eggs  necessary.  For  preservation  of  the  spe- 
cies is  the  great  object,  and  any  form  in  which  an  average  of 
at  least  two  offspring  do  not  reach  maturity  for  every  pair  of 
parents  is  inexorably  doomed  to  vanish  from  the  face  of  the 
earth. 


CHAPTER    IX 

Trout  and  Salmon 

TO  write  a  book  about  either  salmon  or  trout  would  be 
easy.  To  write  a  chapter  on  both  is  difficult.  More  is  known 
of  the  natural  history  of  the  two  types  than  of  any  other 
fish  in  the  world.  More  has  been  written  about  them  than 
any  other  fish,  but,  aside  from  the  literature  designed  for 
scientific  consumption,  it  has  been  mostly  about  fishing  rather 
than  fish.  To  keep  ourselves  within  the  limits  of  what  even 
the  most  liberal-minded  would  call  a  chapter,  it  will  be 
necessary  for  us  to  confine  ourselves  here  to  the  high  points 
of  the  latter  subject  only. 

Trout  and  salmon  are  much  alike.  They  are  members  of 
the  family  Salmonidae.  Natives  of  the  northern  hemisphere 
only,  they  are  spread  through  Europe,  Asia,  and  North 
America.  They  have  taken  up  their  abode  in  Corsica  and 
Sardinia  and  Switzerland,  in  the  rushing  torrents  of  the 
Pyrenees  and  the  quiet  brooks  of  Normandy,  in  the  clear 
English  chalk  streams  and  the  rough  Welsh  currents,  in  the 
smiling  Loire  and  the  majestic  Rhine.  They  have  entered 
the  rivers  of  Scotland  and  Wales.  They  have  made  Resti- 
gouche  and  Beaverkill  and  Nepigon  and  Gunnison  and 
Klamath  great  names  in  the  American  fisherman's  geog- 
raphy. But  they  have  never  crossed  the  equator.  If  the  New 
Zealander  and  the  South  African  are  able  to  share  in  their 
English  cousins'  piscatorial  pastimes,  it  is  only  because  the 
trout  and  the  salmon  have  been  transported  by  ship  across 
warm  equatorial  waters  which  they  have  never  penetrated 
under  their  own  power. 

174 
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TROUT 


The  most  widely  accepted  theory  about  the  salmonids 
holds  that  they  originated  in  the  Arctic  as  migratory  fish. 
When  the  ice  came  down  across  the  parts  of  the  world  in 
which  we  now  live,  they  came  with  it.  When  the  ice  retired 
and  the  seas  grew  warm  again,  colonies  of  them  which  had 
become  fresh-water  dwellers  were  trapped  in  the  cool  streams 
they  had  entered — some  as  far  south  as  the  Atlas  Mountains 
in  North  Africa — and  have  remained  there  ever  since.  Cut 
off  from  each  other  in  these  streams,  the  differing  conditions 
brought  out  different  hereditary  tendencies.  And  from  this 
arose  the  bewildering  number  of  species  and  subspecies  and 
races  and  varieties  of  trout  which  make  life  difficult  for  the 
taxonomist — the  man  whose  job  it  is  to  interrelate  and 
classify  and  name  the  forms  of  animal  life.  For  the  trouts, 
as  we  have  said  in  an  earlier  chapter,  are  still  in  a  state  of 
evolutionary  fluidity.  Species  and  subspecies  are  still  being 
formed,  and  only  a  few  years  ago  a  new  one  was  described, 
the  beautiful  little  Salmo  selenins  Snyder,  the  "moon-rain- 
bow" trout,  inhabitant  of  the  headwaters  of  a  small  stream- 
system  in  California. 

Up  to  a  few  years  ago  zoologists  felt  that  it  was  desirable 
to  seize  on  comparatively  minute  differences  to  split  trout 
up  into  different  species.  If  these  "splitters"  had  continued 
on  their  way,  it  would  not  have  been  long  before  every 
stream  and  lake  had  its  own  distinct  species.  Recently  the 
trend  has  changed.  Splitting  is  looked  on  with  less  favor, 
and  the  tendency  is  to  take  all  trout  which  are  not  separated 
by  clear-cut,  permanent  differences  and  lump  them  together 
in  one  species.  The  "lumpers"  now  believe  that  all  the  Eng- 
lish trouts,  from  the  smallest  inhabitant  of  the  smallest  burn 
to  the  largest  ocean-going  "sea-trout,"  are  nothing  but  vari- 
ations of  one  and  the  same  species.  They  likewise  believe 
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that  the  more  than  fifteen  species  of  trout  formerly  recog- 
nized in  California  are  really  variations  of  not  more  than 
three  or  four  distinct  species.  The  lumpers  perhaps  go  to 
extremes,  even  as  the  splitters  did,  but  their  influence  is 
salutary. 

This  classification  of  the  trouts  is  a  puzzle  which  I  have 
no  intention  of  inflicting  on  the  reader,  but  a  general  idea  of 
their  interrelationships  can  be  had  without  suffering.  The 
two  best-known  groups  are  the  genus  Salvelinus,  to  which 
belong  the  eastern  brook  trout  and  the  Dolly  Varden,  and 
the  genus  Sdmo,  to  which  belong  not  only  all  the  trouts  of 
the  rainbow  and  cutthroat  series,  but  also  the  Atlantic  salmon 
and  the  brown  trout.  The  lake  trout  is  isolated  in  the  genus 
Cristivomer. 

The  distinction  which  anglers  make  between  the  Loch 
Leven  and  the  brown  trout  has  no  support  among  scientists, 
who  now  look  upon  the  former  as  merely  a  variation  of  the 
latter.  And  the  word  "char,"  current  in  England,  is  little 
used  in  the  United  States.  The  English  maintain,  generally 
with  a  note  of  implied  disparagement,  that  our  eastern  brook 
is  not  a  trout  at  all  but  a  char.  Webster's  International  Dic- 
tionary tells  us  that  a  char  is  "any  trout  of  the  genus  Salve- 
linus,''  According  to  this  definition,  "char"  is  a  particular 
word  describing  one  form  of  a  group  called  by  the  more 
general  word,  "trout."  A  char  is  a  trout  although  a  trout 
is  not  always  a  char.  The  brown  is  a  trout  but  not  a  charj  our 
eastern  brook  and  our  Dolly  Varden  are  both  chars  and 
trouts. 

Once  upon  a  time,  all  the  country  now  known  as  the 
United  States  was  divided  into  two  parts  as  far  as  trout  were 
concerned.  In  all  the  waters  draining  into  the  Atlantic,  the 
eastern  brook  trout  ruled  the  waves.  The  Atlantic  salmon 
made  annual  migrations  into  the  streams  to  spawn,  and 
established  scattered  non-migratory  colonies  which  we  call 
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landlocked  salmon  j  but  the  fresh  waters  were  essentially  the 
domain  of  Salvelinus  fontinalis. 

The  Pacific  seaboard  was  the  domain  of  the  genus  Salmo, 
Not  a  single  eastern  brook  trout  was  to  be  found  between 
the  Mississippi  basin  and  the  west  coast.  His  cousin,  the 
Dolly  Varden,  Salvelinus  malma,  abounded  in  Alaska,  and 
trickled  south  as  far  as  northern  California,  while  the  Pacific 
salmon,  a  different  genus  from  the  Atlantic,  made  annual 
invasions  from  the  ocean.  But  the  Rockies  and  the  Sierras, 
and  all  the  streams  flowing  out  of  them,  were  the  strong- 
hold of  Salmo  clarkiiy  the  cutthroat,  and  Salmo  gairdneriiy 
the  rainbow.  And  it  is  in  these  groups,  and  especially  in  the 
latter,  that  the  worst  complications  arise.  For  it  is  easy 
enough  to  tell  the  eastern  brook  and  the  Dolly  Varden  and 
the  Pacific  salmon  apart,  but  the  rainbow  in  all  his  manifesta- 
tions— Kern  River  trout,  Kamloops  trout,  golden  trout,  steel- 
head — is  a  puzzle.  He  is  an  impressionable  creature  with 
whom  evolution  is  still  having  its  way,  cutting  him  off  in 
isolated  groups  from  his  brothers  and  sisters  by  geographic 
barriers,  and  bringing  about  the  changes  which,  little  by 
little,  separate  such  colonies  into  distinct  forms.  Were  it  not 
for  the  interference  of  man,  mixing  the  waters  of  different 
streams  and  watersheds  with  his  engineering  works,  and 
mixing  the  different  strains  of  trout  with  his  hatchery  fish, 
nature's  processes  could  be  expected  to  continue  until  clear- 
cut  distinctions  became  evident.  As  it  is,  the  taxonomic  situ- 
ation appears  to  be  growing  more  confused,  and  we  shall  not 
attempt  to  untangle  it  here. 

There  is  one  question,  however,  which  we  must  answer, 
and  that  is  the  old  one.  What  is  a  steelhead?  It  is  really  very 
simple,  and  apparently  the  only  reason  why  it  keeps  baffling 
people  is  that  they  refuse  to  believe  what  science  tells  them. 
The  steelhead  is  a  rainbow  trout  which  goes  out  to  sea  for 
part  of  its  life  and  returns  to  spawn  in  fresh  water.  The 
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man  who  has  given  the  most  study  to  the  subject  in  Cali- 
fornia recently  has  in  essence  this  to  say: 

The  only  difference  between  a  steelhead  and  a  rainbow  is 
in  the  migration  to  salt  water.  The  adult  steelhead  is  a  trout 
that  has  spent  part  of  its  life  in  the  ocean,  with  the  increase 
in  growth  which  accompanies  such  life.  Young  steelhead  are 
the  offspring  of  these  fish.  Steelhead  streams  are  those  in 
which  the  majority  of  fish  are  of  this  type,  but  may  contain 
trout  which  have  reached  maturity  without  leaving  the 
stream.  And  it  may  be  that  the  hatch  from  eggs  of  this 
latter  type  can  become  migratory. 

I  know  of  no  more  complete  answer  to  the  old  question. 
To  render  it  in  terms  of  the  Atlantic  coast,  the  rainbow  is 
a  "landlocked"  steelhead. 

Further,  it  is  now  held  that  the  dominant  trout  of  the 
Canadian  Pacific  coast,  the  Kamloops,  is  a  form  of  the  rain- 
bow. The  principal  difference  between  them  is  the  number 
of  scales,  and  it  has  been  found  that  by  raising  the  tempera- 
ture of  the  water  during  the  embryonic  period  Kamloops  can 
be  produced  with  as  few  scales  as  the  rainbow.  The  two  are 
merely  climatic  variations  of  the  same  fish.  If  we  admit  this, 
we  can  tell  ourselves  a  very  complete,  though  entirely  hypo- 
thetical story. 

A  certain  fish  at  one  time  lived  in  the  Arctic.  He  moved 
south  into  the  waters  between  Europe  and  America,  and  there 
came  to  be  called  the  Atlantic  salmon.  He  moved  south  to 
our  Pacific  coast,  and  there  came  to  be  called  the  steelhead. 
He  entered  the  streams  of  California  and  was  known  as  the 
rainbow  5  he  entered  the  streams  of  British  Columbia,  and 
was  known  as  the  Kamloops  trout.  He  is  at  present  engaged 
in  turning  himself  into  several  distinct  kinds  of  fish,  but  the 
distinctions  are  not  yet  very  clear.  Some  day,  unless  man 
interferes,  they  may  be.  The  intergrading  links  will  then 
have  disappeared,  and  we  shall  have  sharply  defined  species  j 
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but  at  the  moment  the  Atlantic  salmon  and  the  Canadian 
Kamloops  are  still  almost  the  same  fish,  and  all  the  evolu- 
tionary steps  are  for  once  visible  to  us  at  the  same  time.^ 

To  return  to  our  United  States  and  its  partition  between 
the  eastern  brook  trout  in  the  east  and  the  rainbow-cutthroat 
in  the  west,  that  division  no  longer  holds.  You  can  no  longer 
tell,  from  the  fish  that  you  take  out  of  the  water,  whether 
you  are  angling  in  Vermont  or  in  California  j  you  may  get 
eastern  brook,  rainbow,  or  European  brown  in  either,  or  you 
may  take  all  three  fish  out  of  the  same  stream.  It  is  man 
who  has  altered  the  situation,  and  while  he  has  made  some 
mistakes  in  the  way  of  unnecessary  adulterations  of  native 
stock,  he  has  on  the  whole  been  moving  in  the  right  direction. 
For  the  great  lament  that  has  been  going  up  all  over  the 
country  about  the  passing  of  the  wild  trout  is  not  without 
foundation.  Gasoline  is  easy  to  tax  and  gasoline  taxes  go  into 
roads.  Roads  are  being  built  into  the  most  inaccessible  cor- 
ners of  our  land,  and  where  roads  go  automobiles  go,  and 
where  automobiles  go  fishermen  go.  And  so  the  regions 
where  wild  trout  still  hold  their  own  are  being  invaded,  and 
there  is  no  escape  from  the  fact  that  eventually  the  greater 
part  of  the  country  will  be  reduced  to  the  condition  in 
which  the  thickly  settled  middle  Atlantic  states  already  find 
themselves.  There  each  season's  fishing  strips  the  popular 
streams  bare.  Hardly  a  fish  is  left  at  spawning-time  to  pro- 
duce another  generation.  If  it  were  not  for  the  state  and 
Federal   hatcheries,   there   would  be   few  trout  and   little 
trout-fishing. 

For  their  natural  spawning,  most  trouts  seek  gravel  beds 
in  the  shallow  reaches  of  swiftly  flowing  streams.  Instinctively 
they  move  against  the  current  in  their  search  for  such  regions, 

^The  only  constant  anatomical  character  by  which  the  Atlantic  salmon 
can  be  distinguished  from  the  trout  of  the  rainbow-steelhead  series  is  the 
shape  of  one  small  bone  lying  deep  within  the  skull. 
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river  fish  going  up  tributaries  and  lake  fish  ascending  inlets, 
but  some  forms,  including  the  landlocked  salmon  and  the 
golden  trout,  will  also  go  down  into  the  outlet  of  a  lake  to 
spawn.  The  eastern  brook  trout,  although  normally  seeking 
stream  gravels,  can  spawn  successfully  in  lakes  if  there  are 
spring  seepages  in  the  bottom,  and  the  lake  trout  or  mackinaw 
spawn  only  on  lake  bottoms,  without  need  of  any  current. 

Many  people  have  watched  trout  on  their  natural  breed- 
ing-grounds, but  early  observers  apparently  confused  court- 
ing and  nesting  activities  with  the  true  spawning  act.  Their 
descriptions  have  been  so  widely  accepted  in  the  past  and 
have  so  firmly  established  certain  misconceptions  that  it  is 
worth  while  to  summarize  here  the  reports  of  more  recent 
and  more  thorough  observations. 

The  steelhead  may  be  taken  as  a  typical  example.  The 
female  chooses  the  location,  which  is  usually  at  the  lower 
end  of  a  pool  where  the  still  water  just  begins  to  break  off 
into  a  rifHe,  and  often  where  it  is  so  shallow  that  her  dorsal 
fin  or  even  her  back  is  visible  above  the  surface.  In  leisurely 
fashion  she  digs  a  pit  in  the  gravel.  This  is  accomplished  by 
turning  on  her  side,  pressing  her  tail  against  the  bottom, 
and  flapping  it  vigorously  several  times.  The  movement 
loosens  the  bottom  materials,  which  are  carried  downstream 
by  the  current,  and  at  the  same  time  forces  her  upstream 
several  feet.  She  returns  to  the  spot,  sometimes  at  once  and 
sometimes  after  an  interval,  and  continues  operations,  from 
time  to  time  dropping  down  into  the  hollow  and  appearing 
to  test  it  with  her  anal  fin.  Her  mate  remains  in  close  at- 
tendance, a  little  to  one  side  and  a  short  distance  to  the  rear. 
He  does  not  help  with  the  digging,  but  occupies  himself  in 
driving  away  the  other  males  who  invariably  try  to  join  the 
party,  and  in  courtship.  The  latter  consists  partly  in  swim- 
ming around  and  over  the  female  and  nudging  her  with  his 
snout,  but  most  especially  in  coming  close  alongside  her  and 
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Plate  I.  SCALES 

A,  ctenoid  scale  of  1 5-inch  striped  bass,  in  its  third  year,  showing  teeth  on 
exposed  rear  part  of  scale.  By  permission  of  E.  C.  Scofield  and  the  Cali- 
fornia Division  of  Fish  and  Game. 

B,  cycloid  scale  of  i  z-inch  trout,  in  its  third  year.  The  points  i  ana  2  on 
this  scale,  as  in  A,  mark  the  annual  checks  at  the  end  of  the  first  and  of  the 
second  year. 


Plate  II.  STEELHEAD  SCALE 

Scale  of  28-inch  specimen  at  end  of  fourth  year,  showing  two  years  of 
stream  life  and  two  years  of  ocean  life,  with  spawning-  at  end  of  first  year 
of  ocean  life.  The  scale  was  taken  from  the  fish  when  it  returned  to  the 
stream  to  spawn  a  second  time. 

Photomicrograph  (-/oX)    by  Leo  Shafovalov 
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Plate  TII.  CHANGES  IN  THE  COLOR  PATTERN  OF  THE  FLATFISH 

Photogfraphs  of  the  same  Individual  on  various  backgrounds, 
by  permission  of  Dr.  F.  B.  Sumner. 


SPAWNING  JEWEL-FISH 

The  male  Is  fertilizing  the  eggs  while  the  female  Is  swimming  forward 

to  lay  again. 

American  Museum  of  'Natural  History,  Ne-M  York 


FEMALE  JEWEL-FISH  BROODING  EGGS 

American  Museum  of  Natural  History,  Ne^v  York 

Plate  IV 
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Plate  VI.  BONNEVILLE  DAM  FISH  LADDER 
Salmon  passing  through  Bradford  Island  counting  station. 

Portland  Disirki,  Corp  of  Engineers,  Photo 
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quivering,  or  vibrating  his  body  rapidly.  This  is  an  outstand- 
ing courting  act  not  only  throughout  the  salmonid  family, 
but  also  in  entirely  different  species  such  as  the  jewel  de- 
scribed in  an  earlier  chapter.  Since  a  very  similar  vibration 
accompanies  the  actual  deposition  of  the  sex  products,  the 
layman  would  be  inclined  to  think  that  the  male  is  putting 
on  a  "pseudo-spawning"  or  simulated  spawning  act  in  order 
to  induce  the  female  to  do  likewise  in  earnest,  but  no  scien- 
tist could  allow  himself  such  a  thought  without  suffering 
the  accusation  of  unseemly  anthropomorphism. 

These  activities  may  go  on  from  one  to  eight  hours,  de- 
pending on  the  diligence  of  the  female  and  her  nesting 
standards,  but  eventually  a  depression  some  four  to  eight 
inches  deep  and  about  her  own  length  has  been  completed 
which  seems  to  satisfy  her,  and  she  suddenly  drops  into  the 
center  of  this  pit,  with  her  vent  and  anal  fin  well  down  in 
the  deepest  part.  The  male  immediately  moves  up  into  posi- 
tion alongside,  with  his  vent  opposite  hers,  and  heeled  over 
so  that  his  abdomen  is  close  to  hers.  With  downwardly  arched 
bodies  quivering,  with  open  mouths  testifying  to  the  muscu- 
lar strain  of  the  act,  they  discharge  the  eggs  and  milt  at 
exactly  the  same  instant.  (See  Plate  V.)  This  is  important 
for  two  reasons:  first,  because  otherwise  the  milt  might  be 
carried  away  by  the  current  without  reaching  the  eggs,  and 
second,  because,  although  the  eggs  remain  fertilizable  for 
several  minutes,  the  sperms  lose  their  potency  within  forty- 
five  seconds  after  they  have  entered  the  water. 

Often  one  or  more  of  the  other  attending  males  rush  in 
and  take  part  in  the  fertilization,  the  cloud  of  milt  settling 
compactly  about  the  bright  pink  eggs  as  they  stream  into  the 
nest.  The  whole  process  takes  about  two  seconds.  The  males 
then  disperse,  the  dominant  one  returning  to  his  original 
post.  The  female  starts  covering  the  eggs  by  digging  slightly 
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to  the  side  and  forward  of  the  pit,  the  material  displaced  by 
her  being  carried  into  it  by  the  current.  Within  a  minute  or 
two  the  eggs  are  well  covered,  and  she  moves  upstream  a 
short  distance  and  begins  a  new  nest.  As  she  works  on  this, 
sand  and  gravel  are  carried  downstream  over  the  first  exca- 
vation until  it  is  turned  into  a  mound  projecting  above  the 
stream  bed,  and  the  eggs  are  protected  by  a  layer  of  gravel 
four  to  eight  inches  deep.  Steelhead  characteristically  start  at 
the  bottom  of  a  suitable  spawning  area  and  work  upstream, 
placing  their  egg-pits  almost  in  a  straight  line  with  the 
current  in  a  manner  highly  efficacious  for  the  utilization  of 
hydraulic  forces,  but  other  species  do  not  always  do  so,  the 
later  nests  sometimes  being  to  the  side  of  or  even  below  the 
earlier  ones.  In  all  cases,  work  is  done  at  the  first  site  to 
cover  the  eggs  5  the  protecting  over-layer  of  gravel  is  not 
merely  the  fortuitous  result  of  a  later  upstream  spawning, 
but  is  definitely  the  completion  of  the  spawning  act  at  that 
point. 

This  process  of  nest-building,  courtship,  and  spawning  is 
repeated  several  times  and  may  continue  for  anywhere  from 
a  day  to  a  week  before  the  female  is  rid  of  all  her  eggs. 
Mother  and  father  then  forget  about  family  life  and  go  their 
separate  ways. 

The  whole  spawning  pattern  is  essentially  similar  in  the 
rainbow,  the  cutthroat,  the  brown  trout,  and  the  various 
species  of  Pacific  salmon,  but  in  the  eastern  brook  there  is 
one  variation  which  may  have  considerable  significance.  The 
female  covers  her  egg-pit  not  by  going  upstream  and  flapping 
up  gravel  which  the  current  carries  over  it,  but  by  using  her 
anal  fin  to  sweep  gravel  over  the  pit  from  its  edges.  This  is 
a  much  less  efficient  method  than  that  described  above  where 
the  current  did  a  large  share  of  the  work;  but  it  can  be 
seen  that  it  would  produce  a  protective  mound  even  where  a 
current  was  lacking.  Now,  you  will  remember  that  the  east- 
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ern  brook  is  able  to  spawn  successfully  on  a  lake  bottom  with 
a  spring  seepage,  where  the  other  species  are  not.  It  is  not 
at  all  impossible  that  this  is  the  secret:  that  the  trouts  which 
depend  upon  a  current  to  carry  the  protecting  gravel  over 
their  eggs  cannot  operate  where  the  only  flow  is  upward  j 
but  that  the  eastern  brooks,  doing  it  the  hard  way,  give  their 
eggs  the  necessary  gravel  protection  without  the  aid  of  a 
current,  while  the  upwelling  water  suffices  to  bring  the 
necessary  oxygen  for  the  young  to  develop. 

Steelhead  start  spawning  in  the  late  fall,  when  the  rains 
which  follow  the  long  dry  season  on  the  Pacific  seaboard 
bring  enough  water  down  the  coastal  streams  to  permit  them 
to  ascend  from  the  ocean,  and  continue  until  spring.  Rain- 
bow spawn  in  the  early  spring,  and  cutthroat  slightly  later. 
Brown  trout,  Dolly  Varden,  and  eastern  brook  spawn  in  the 
autumn  and  early  winter.  The  eggs  of  all  lie  for  a  long  time 
developing  under  the  gravel  which  protects  them  against 
enemies  and  light  and  yet  permits  the  oxygen-bearing  water 
to  reach  themj  even  after  they  have  hatched,  the  little  fish 
remain  in  the  gravel  until  they  have  absorbed  the  nourish- 
ment in  their  yolk-sacs,  when  they  are  at  last  ready  to  wriggle 
their  way  up  out  of  the  bottom  and  start  life  on  their  own  in 
the  open  water.  These  developmental  processes  take  longer 
in  cold  water  than  in  warm,  but  aside  from  that  there  is  a 
difference  between  the  species  which  seems  to  have  some 
correlation  with  their  life  histories.  Brook  trout  eggs  develop 
more  slowly  than  rainbow,  even  at  the  same  temperature. 
Brook  trout  spawn  in  the  fall  and  their  low  developmental 
rate,  together  with  the  cold  winter  water  temperatures,  keeps 
the  young  fish  from  coming  up  out  of  the  gravel  until  the  ice 
is  off  and  food  has  begun  to  be  plentiful  in  the  early  spring j 
whereas  rainbow,  spawning  in  the  early  spring,  develop  rap- 
idly enough  in  the  warming  water  to  get  the  benefit  of  the 
full  summer's  feeding. 
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SALMON 


All  salmon,  except  for  the  "landlocked"  races,  are,  like 
the  steelhead,  anadromous — meaning  that  they  are  born  in 
fresh  water,  go  to  the  ocean  to  live  while  growing  up,  and 
return  to  fresh  water  to  spawn.  This  applies  equally  to  the 
Atlantic  and  the  Pacific  species. 

All  the  salmon  in  the  Atlantic,  whether  they  come  from 
Norway  or  the  Bay  of  Biscay  or  the  Saint  Lawrence  River, 
are  one  and  the  same  species.  Their  name  runs  trippingly  off 
the  tongue.  It  is  Salmo  salary  "Salmo  the  leaper." 

The  salmon  of  our  Pacific  coast  are  five  species,  and  they 
range  from  the  Asiatic  rivers  to  the  Sacramento.  They  be- 
long to  the  burdensomely  named  genus  Oncorhynckus 
("hook-nose").  The  five  species  labor  under  excruciating 
names  taken  from  the  Russian  vernacular,  such  as  tschawyt- 
schuy  gorbushuy  etc.  We  shall  have  nothing  to  do  with  these, 
and  shall  refer  to  them  simply  as  the  king  or  chinook  sal- 
mon, the  silver  salmon,  the  pink  salmon,  the  chum  salmon, 
and  the  sockeye  or  red  salmon. 

The  difference  between  the  Atlantic  salmon  on  the  one 
hand  and  the  whole  group  of  Pacific  "salmons"  on  the  other 
is  that  the  former  does  not  necessarily  die  after  it  has  spawned 
once,  whereas  the  latter  unquestionably  and  inevitably  does. 
And  the  unforgettable  similarity  between  the  two  is  that  the 
adults  in  both  species,  after  years  of  wandering  in  the  ocean, 
find  their  way  back  at  spawning  time  to  the  identical  stream 
in  which  they  were  born. 

There  is  also  on  the  Atlantic  coast  the  landlocked  salmon 
or  "ouananiche."  Some  people  claim  that  it  is  a  distinct  spe- 
cies, but  I  find  it  hard  to  believe  that  it  is  anything  more  than 
a  non-migratory,  fresh-water  variety  of  Salmo  salar.  It  often 
survives  spawning.  And  on  the  Pacific  coast  our  old  friend 
the  steelhead,  Salmo  gairdnerii,  also  often  survives  spawn- 
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ing,  and  from  this  and  other  similarities  to  the  Atlantic  form 
among  which  is  the  fact  that  it  will  take  a  fly  on  its  way  up- 
stream to  the  spawning-beds  whereas  Oncorhynchus  gen- 
erally will  not,  it  could  be  called  the  true  salmon  of  the 
Pacific/ 

Salmo  salar  used  to  be  enormously  abundant  on  our  At- 
lantic coast.  Dwellers  along  the  Hudson  and  the  streams 
further  north  had  no  trouble  in  catching  all  the  fish  they 
wanted  from  the  great  annual  salmon  runs.  Now  it  is  prac- 
tically extinct — except  in  its  landlocked  form — south  of  the 
Canadian  border,  and  to  catch  it  you  must  travel  hundreds  of 
miles  into  remote  country,  and  then  probably  pay  a  king's 
ransom  for  the  right  to  put  your  fly  into  the  water. 

The  Pacific  salmon  used  to  be  enormously  abundant  in 
the  Sacramento  River;  here  it,  too,  has  been  greatly  reduced 
by  the  progress  of  civilization,  although  surviving  in  suffi- 
cient numbers  to  provide  a  significant  fishery.  However,  in 
the  rivers  further  north,  and  especially  in  Alaska,  the  annual 
spawning  migrants  are  still  counted  in  almost  astronomical 
figures.  The  capture  of  them  is  a  great  industry,  and  for  this 
reason  they  have  been  much  studied.  In  Norway  and  Eng- 
land, Salmo  salar  is  still  numerous,  having  been  more  care- 
fully conserved  in  those  old  countries  than  it  was  on  our 
Atlantic  coast;  and  there,  being  the  basis  of  both  a  sport  and 
a  commercial  fishery,  has  received  much  study.  Combining 
these  two  sources,  the  two  forms  of  salmon  have  received 
more  attention  than  any  other  fish.  Experienced  men,  work- 
ing for  governmental  and  state  agencies,  have  been  reading 
their  scales  for  years.  They  have  "marked"  them  by  cutting 
off  one  or  more  fins  so  that  all  members  of  a  certain  group 

^  It  used  to  be  firmly  believed  that  none  of  the  Pacific  salmons  would 
take  a  fly.  It  is  now  realized  that  under  suitable  conditions  some  species 
will, — especially  the  silver  or  coho  and  the  chinook.  Eventually  ways 
may  be  found  to  capture  all  of  them  in  this  manner. 
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could  be  identified  when  caught  again.  They  have  "tagged" 
them  with  numbered  metal  plates  or  plastic  disks  so  that 
individual  fish  could  be  identified  when  met  with  later.  They 
have  studied  their  metabolism  and  their  birth  rate  and  their 
growth  rate.  The  result  is  that  the  natural  history  of  the 
Atlantic  and  Pacific  salmon  is  better  known  than  that  of  any 
other  fish,  and  what  is  set  forth  in  the  following  paragraphs 
has  a  mathematical  certainty  about  it  which  cannot  often  be 
attained  in  biological  matters. 

Aside  from  the  essential  difference  in  survival  after  spawn- 
ing, the  Atlantic  and  Pacific  species  lead  quite  similar  lives. 
Both  hatch  out  of  eggs  buried  from  five  to  ten  inches  under 
the  gravel  in  the  shallow,  swift,  upper  reaches  of  streams. 
Both  live  for  a  certain  length  of  time  in  these  rivers.  The 
pink  salmon  and  the  chum  salmon  of  the  Pacific  stay  only 
a  few  weeks,  the  others  may  remain  anywhere  from  a  few 
months  to  as  much  as  three  years,  and  this  period  varies  not 
only  between  species,  but  also  within  each  species,  depending 
on  the  conditions  and  on  the  individual.  All  grow  slowly 
during  river  life,  few  reaching  a  length  of  more  than  six 
inches  in  fresh  water.  All  eventually  go  to  sea,  and  there 
grow  at  a  tremendously  accelerated  rate  due  to  the  enor- 
mously greater  amount  of  food  available.  The  record  is  held 
by  an  English  fish  which,  according  to  the  data,  gained  27 
pounds  between  May,  1905,  and  August,  1907 — at  the  rate 
of  a  pound  a  month.  The  Pacific  salmon  rarely  grow  so  fast. 

Some  of  the  Atlantic  fish,  especially  the  males,  return  to 
fresh  water  to  spawn  after  only  a  few  months  at  sea.  They 
are  still  small,  and  are  what  the  English  call  "grilse."  Most 
of  them  remain  longer  in  the  sea,  some  being  six  or  even 
seven  years  old  on  their  first  return.  Such  fish  have  had  a 
chance  to  eat  on  a  gargantuan  scale,  and  it  is  probable  that 
all  very  large  individuals  are  in  this  category.  Of  the  Pacific 
salmon,  the  pink  all  return  at  the  end  of  their  second  year 
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to  spawn  and  die.  The  king  mature  anywhere  between  the 
second  and  sixth  year,  by  far  the  greater  number  in  the 
fourth  and  fifth  years.  The  other  species,  including  the  steel- 
head,  may  be  anywhere  from  two  to  five  years  old  at  ma- 
turity. 

On  entering  fresh  water  they  all  cease  to  feed.  Various 
explanations  for  this  have  been  offered:  that  they  have 
other  things  on  their  minds;  that  they  are  not  equipped  to 
eat  the  food  available  in  fresh  water,  any  more  than  a  St. 
Bernard  dog  is  equipped  to  catch  micej  that  their  digestive 
juices  cease  to  function  and  their  stomachs  shrink  into  hard 
little  shells.  This  last  change  undoubtedly  takes  place,  but 
it  may  be  effect  rather  than  cause.  Why  salo/r  and  the  steel- 
head  and  some  of  the  Pacific  salmons  none  the  less  rise  to  the 
angler's  fly  is  a  question  which  we  shall  avoid  discussing 
here  on  the  ground  that  it  has  to  do  with  fishing  rather 
than  with  fish.  In  any  case,  most  Pacific  salmons  go  in  for 
no  such  by-play,  and  thus  come  to  sensible  deaths  in  nets, 
and  get  shipped  around  the  world  in  cans,  instead  of  dying 
on  the  end  of  a  sportsman's  line  and  being  eaten  by  his  some- 
what bewildered  and  supposedly  admiring  friends.  But  it 
must  not  be  forgotten  that  a  small  proportion  of  them  do 
yield  to  the  sport  fisherman's  lures,  both  in  sea  and  river, 
and  escape  the  can  in  this  way. 

From  the  time  they  enter  fresh  water  until  they  spawn, 
the  fish  must  live  on  the  reserves  accumulated  in  earlier 
years  in  the  form  of  fat  and  muscle.  These  reserves  must 
not  only  provide  the  material  for  the  eggs  and  sperm,  which 
are  largely  manufactured  after  entering  fresh  water,  but  also 
must  furnish  the  energy  to  carry  the  fish  to  the  spawning 
grounds.  The  Atlantic  salmon  in  America  usually  have  a 
comparatively  short  journey,  but  in  such  a  river  as  the  Rhine 
they  may  spend  as  much  as  a  whole  year  on  the  trip — with- 
out a  bite  to  eat!   It  has  been  calculated  that  they  lose,  in 
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body  substance  and  in  sex  products  discharged,  between  40 
and  45  per  cent  of  their  weight.  Since  death  by  starvation  is 
known  to  occur  in  many  animals  when  the  loss  in  body 
weight  exceeds  40  per  cent,  it  may  be  assumed  that  those 
Atlantic  salmon  which  survive  spawning  are  the  fortunate 
ones  which  have  lost  less  than  the  average.  The  fact  is  that 
most  Atlantic  salmon  in  most  localities  do  die  after  spawn- 
ing. Only  a  small  percentage  survive  to  spawn  a  second  time, 
and  of  those  that  have  spawned  twice  only  a  few  survive  to 
spawn  again.  Fourth  spawnings  are  exceedingly  rarej  in  gen- 
eral eight  years  of  life  and  three  spawnings  are  the  limit.  In 
very  short  streams  the  spawning-beds  are  more  quickly  and 
easily  reached  than  in  the  longer  ones,  the  strain  on  the  fish 
is  not  so  great,  and  more  of  them  survive.  The  survivors, 
having  less  distance  to  cover  on  their  return  journey  to  the 
sea  and  less  depletion  to  make  up,  are  more  quickly  ready  for 
another  spawning.  The  result  is  that  the  fish  of  such  streams 
spend  more  time  on  the  aggregate  in  fresh  water,  less  time 
in  the  ocean  sopping  up  good  food,  and  therefore  do  not  grow 
very  large.  This  is  one  of  the  reasons  why  smaller  streams 
usually  have  small  salmon.  The  really  big  fish,  as  we  have 
said,  are  the  old  "maidens" — the  fish  which  do  not  come  in 
from  the  feeding  grounds  for  their  first  spawning  until  they 
have  had  a  chance  to  do  a  lot  of  growing. 

While  some  of  the  Pacific  salmon  travel  only  a  short  way, 
some  have  tremendous  trips  to  make.  Spawning-beds  in  the 
Yukon  are  two  thousand  miles  from  the  sea,  and,  since  the 
time  between  the  disappearance  of  ice  in  the  spring  and  its 
reappearance  in  the  fall  is  so  short,  the  distance  must  be 
covered  with  great  speed.  Records  show  the  fish  making  the 
first  fifteen  hundred  miles  in  thirty  days — a  rate  of  fifty 
miles  a  day,  against  a  current  which  probably  sets  them  back 
at  least  that  amount.  In  other  words,  they  cover  what  really 
amounts  to  three  thousand  miles  in  thirty  days.  By  the  end 
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of  the  trip  they  are  so  thin  and  bruised  and  battered  that 
they  must  be  quite  content  to  lie  down  and  die  as  soon  as 
they  have  done  what  they  came  for.  In  fish  with  much 
shorter  journeys  to  make,  it  seems  to  be  just  a  habit.  They 
die  also. 

The  spawning  act  of  the  Atlantic  salmon  has  been  scien- 
tifically reported  as  identical  with  that  described  for  the 
steelhead.  The  spawning  act  of  the  Pacific  salmons,  accord- 
ing to  those  who  have  visited  their  breeding  areas,  is  in  a 
general  way  similar.  The  landlocked  sockeye,  also  called 
"little  redfish"  or  "kokanee,"  has  been  observed  and  re- 
corded in  close  detail,  but  not  the  sea-run  salmons  on  their 
natural  breeding  grounds.  In  the  throngs  of  fish  milling 
around,  with  dead  bodies  strewing  the  banks  for  miles,  with 
new  fish  swarming  in  to  dig  up  the  eggs  already  laid  in 
their  search  for  nesting  places,  and  with  Dolly  Varden  trout 
darting  about  to  prey  on  unprotected  eggs,  it  is  probably 
difficult  to  make  out  just  what  does  happen.  Somehow  the 
eggs  do  get  fertilized,  and  the  next  generation  does  get 
produced.  Between  generations,  however,  the  waste  is  tre- 
mendous. It  has  been  estimated  in  one  case  that,  out  of  over 
seventeen  million  fertilized  eggs,  only  five  to  six  thousand 
fish  survived  to  become  parents  of  the  second  generation — a 
survival  to  maturity  of  only  one  fish  for  every  three  thousand 
eggs. 

We  now  have  reached  the  point  where  we  can  gaze  with 
proper  appreciation  upon  one  of  the  great  wonders,  one  of 
the  outstanding  unsolved  mysteries,  of  the  zoological  world. 
This  is  the  fact  that  the  salmon,  after  years  in  the  wide 
ocean,  find  their  way  back  to  spawn  in  the  very  same  stream- 
bed  out  of  which  they  once  wriggled  toward  the  light  of 
day. 

When  and  where  human  beings  first  began  to  suspect  that 
this  might  be  happening  is  uncertain.  It  was  long  ago,  for  the 
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inquisitive  Izaak  Walton  tied  ribbons  on  the  tails  of  fish  in 
the  hope  of  finding  out  where  they  went.  It  seems  likely 
that  small  boys,  or  poachers,  or  fishermen,  feeling  sure  that 
they  recognized  the  same  old  salmon  back  in  the  same  old 
pool,  first  got  an  inkling  of  what  was  happening.  It  seems 
likely  that  scientists  at  first  laughed  at  them,  and  classed  the 
suggestion  with  folklore  and  old  wives'  tales.  Like  many 
another  old  wives'  tale,  it  has  proved  to  be  truth.  Science 
has  come  to  have  more  respect  for  old  wives'  tales  than  it 
once  did. 

When  scientists  took  up  the  serious  study  of  the  salmon 
on  account  of  its  fisheries'  value,  they  themselves  began  to 
find  evidence  in  favor  of  the  theory.  They  found  that  the 
fish  in  certain  streams  year  after  year  showed  strong  racial 
characteristics — such  as  size,  or  fat-content,  or  coloratipn,  or 
age  at  going  to  sea,  or  length  of  time  spent  at  sea,  or  age  at 
maturity.  They  found  that  with  experience  they  could  come 
pretty  close  to  telling  what  river  a  fish  was  taken  from  just 
by  examining  its  scales.  They  felt  that  these  traits  were 
probably  hereditary.  If  fish  from  other  parts,  with  different 
traits,  came  into  the  stream,  how  could  these  differences 
continue  to  exist?  Only  if  the  fish  born  in  each  stream  re- 
turned to  that  stream  to  spawn  could  the  racial  differences 
be  maintained. 

They  found  that  if  the  run  of  fish  in  a  given  stream  were 
destroyed  or  prevented  for  several  successive  years,  so  that 
salmon  ceased  to  be  born  and  to  grow  up  in  that  stream,  the 
salmon  did  not  return  to  it,  even  though  conditions  might  be 
highly  favorable  for  spawning.  They  found  that  in  many 
rivers  the  pink  salmon  have  a  very  heavy  run  every  other 
year,  a  very  light  run  in  the  intervening  years.  As  we  have 
seen,  pink  salmon  all  mature  at  two  years.  If  fish  came  in 
from  other  streams,  there  would  be  no  reason  for  this  alter- 
nation j  but  if  they  did  not,  there  would.  For  it  is  obvious 


Trout  and  Salmon  191 

that  this  year's  heavy  run  would  produce  a  large  egg  supply, 
which  would  result  in  a  heavy  run  year  after  next,  whereas 
last  year's  light  run  would  produce  a  small  egg  supply,  which 
would  result  in  a  light  run  next  year,  and  so  on  ad  infinitum. 

Such  facts  as  these  were  far  from  conclusive.  At  best,  they 
were  circumstantial  evidence,  but  they  were  enough  to  spur 
scientists  on  to  find  incontrovertible  proof  of  the  matter,  one 
way  or  the  other.  In  this  they  were  aided  by  the  economic 
aspect  of  the  question.  Government  agencies  were  trying  to 
preserve  the  salmon  by  limiting  the  fisheries.  Each  fisherman 
was  objecting  that  there  was  no  point  in  saving  the  fish  in 
his  particular  waters  just  to  let  them  spawn  a  new  genera- 
tion somewhere  else  for  someone  else  to  catch.  If  it  could 
be  shown  that  the  adult  fish  always  returned  to  the  stream  in 
which  they  originated,  it  could  be  made  clear  to  the  fishermen 
that  saving  fish  in  his  waters  would  be  for  his  own  benefit, 
not  someone  else's,  and  that  if  the  fish  in  his  waters  were 
exterminated,  he  himself  would  be  the  one  to  suffer. 

And  so  Great  Britain  and  Canada  and  the  United  States 
all  undertook  to  find  out  the  truth.  They  initiated  great 
marking  programs.  In  the  Welsh  and  Scottish  rivers,  and 
in  the  streams  of  North  America,  hundreds  of  thousands  of 
little  salmon  lost  fins.  Before  they  went  out  from  their  natal 
waters  to  the  sea,  they  were  seized  upon  and  their  home 
address  was  unalterably  fixed  upon  them.  In  one  stream  the 
adipose  and  one  ventral  fin  were  removed,  in  another  both 
left  fins,  in  a  third  the  diagonals,  in  a  fourth  the  anal  and 
right  pectoral,  and  so  on.  Then  careful  watch  was  kept  of 
the  fish  returning  to  spawn.  And  the  amazing  fact  was 
proved  that  they  do  return  to  the  stream  in  which  they 
grew  up.  The  proof  is  overwhelming.  On  this  continent  the 
number  of  fish  which  have  been  marked  is  close  to  four 
million.  I  do  not  know  the  number  in  Great  Britain,  but  it 
IS  large.  And  while  some  fish  have  been  found  other  than 
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in  the  stream  where  they  belonged,  they  are  so  few  in  pro- 
portion as  to  be  negligible.  Fish  do  stray,  as  no  one  doubts 
— even  humans  make  mistakes — ^but  the  general  truth  of  the 
principle  is  not  to  be  questioned. 

Most  of  us  can  look  upon  this  phenomenon  with  a  satis- 
fying degree  of  wonder  and  humility.  However,  scientists 
are  by  nature  and  training  skeptics.  They  must,  if  they  are  to 
be  good  scientists,  never  accept  things  at  face  value.  They 
must  look  for  flaws  and  possible  loop-holes.  They  must  de- 
termine whether  what  seems  to  be  cause  and  efFect  is  not 
really  due  to  chance.  And  some  of  them  pointed  out  that 
chance  might  play  a  large  part  in  the  return  of  the  salmon. 

According  to  this  hypothesis,  salmon  go  out  from  the 
estuaries  into  the  sea,  follow  along  the  submarine  river-beds 
until  they  get  to  the  point  where  the  bottom  slopes  off 
steeply  at  the  edge  of  the  continental  shelf,  and  there  re- 
main to  feed  and  grow  until  the  time  for  spawning.  They 
then  seek  the  nearest  fresh  water,  and  this  is  the  river  out 
of  which  they  came,  whose  "influence"  they  have  never  left. 

Most  of  the  men  closely  involved  in  the  salmon  studies 
had  to  admit  the  possibility  of  this  hypothesis,  but  felt  that 
it  did  not  jibe  with  things  which  they  knew  almost  certainly 
to  be  true,  but  could  not  prove  to  be  scientific  facts.  In  the 
meantime  another  government  program  was  piling  up  evi- 
dence in  their  support.  This  time  it  was  not  a  matter  of  cut- 
ting off  fins,  but  of  numbering  the  fish.  Men  went  to  sea  in 
ships,  caught  salmon  in  nets  all  up  and  down  the  coast,  and 
fastened  to  each  fish  a  small  plate  with  a  serial  number  on 
it.  When  these  numbered  fish  were  recovered  on  their  spawn- 
ing-runs, it  was  possible,  by  looking  in  the  records,  to  find 
the  exact  spot  in  the  sea  where  each  had  been  marked.  It 
was  found  that  some  fish  had  wandered  as  far  as  fifteen 
hundred  miles  from  the  mouth  of  their  "home"  estuary. 
It  was  found  that  most  of  the  chinook  taken  by  the  fisher- 
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men  from  the  mouth  of  the  Columbia  to  Sitka,  Alaska,  are 
Columbia  River  salmon.  And  it  was  found  that  salmon 
tagged  all  at  one  spot  in  the  ocean  turned  up  in  widely 
separate  streams  at  spawning  time. 

All  of  which  the  skeptics  agreed  was  most  interesting  in 
showing  that  some  fish  did  go  to  distant  places  in  the  sea,  but 
failed  to  agree  that  it  proved  anything  about  "homing." 
That  a  salmon  which  was  caught  and  tagged  in  the  ocean 
later  came  to  spawn  in  a  stream  hundreds  of  miles  away 
failed  to  demonstrate,  they  claimed — and  quite  logically — 
that  it  had  been  born  in  that  stream.  The  total  number  of 
fish  tagged  was  but  a  fraction  of  all  the  salmon  in  the  seas  5 
it  might  be  that  all  the  tagged  ones  were  strays.  It  might 
be  that  the  fish  which  were  marked  by  fin  removal  before 
they  left  their  native  streams  and  which  later  did  return 
there  to  spawn,  never  got  beyond  the  continental  shelf  and 
the  influence  of  their  own  streams,  and  that  the  others  which 
went  further  and  which  were  tagged  with  numbered  disks 
far  at  sea,  never  did  get  home,  but  became  the  strays.  For 
conclusive  proof,  it  would  be  necessary  for  a  little  fish  to  be 
marked  by  fin  removal  with  its  proper  address  before  it  left 
home,  to  be  recaptured  far  away  in  the  ocean  by  one  of  the 
interested  agencies  and  numbered  with  a  tag,  and  then  to 
return  to  its  own  stream  and  have  the  fortune  to  fall  into  the 
hands  of  someone  who  would  recognize  the  importance  of 
both  the  missing  fins  and  the  tag.  That  such  a  series  of 
coincidences  could  occur  outside  of  fiction  seemed,  by  the 
laws  of  combination  and  permutation,  of  a  likelihood  so  re- 
mote as  to  be  for  all  practical  purposes  impossible. 

And  yet  the  impossible  did  occur.  In  1938  a  young  Atlantic 
salmon  had  its  adipose  fin  removed  on  its  way  down  the 
Northeast  Margaree  River,  Cape  Breton  Island,  to  the  ocean. 
In  June  of  1940  this  fish  was  captured  off  Bonavista  on  the 
east  coast  of  Newfoundland,  550  miles  away  by  sea.  It  was 
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given  a  numbered  tag  and  released.  Ninety-six  days  later  it 
was  taken  by  an  angler  in  the  Northeast  Margaree  River. 
Bonavista  is  alongside  the  Labrador  current,  and  entirely 
remote  from  any  conceivable  influence  of  the  Margaree 
River;  but  the  fish  had  come  home  to  spawn.  And  in  1943 
two  pink  salmon  which  had  been  fin-marked  in  Morrison 
Creek  on  Vancouver  Island  in  the  spring  of  1942,  and  which 
had  been  captured  and  tagged  in  the  ocean  earlier  in  1943, 
one  at  a  point  45  miles  to  the  north  and  one  115  miles  to 
the  south,  returned  to  Morrison  Creek  to  spawn,  and  reached 
the  counting  weir  on  the  same  day.  These  fish  had  not  been 
so  far  as  the  Atlantic  salmon,  but  they  had  come  through 
strong  tidal  currents  where  any  influence  of  their  native 
water  must  have  been  entirely  obliterated.  Little  ground  is 
now  left  for  the  skeptics  to  stand  on. 

To  add  further  to  the  wonderment,  of  layman  and  scientist 
alike,  it  has  now  been  proved  that  the  fish  return  to  spawn 
not  only  to  the  general  river  system  where  they  grew  up, 
but  to  the  exact  identical  small  tributary  stream.  Steelhead 
marked  in  Fall  Creek  near  the  Oregon-California  line  have 
gone  down  the  Klamath  River  to  the  Pacific  (ocean  life 
showed  clearly  on  their  scales),  and  after  three  years  have 
re-entered  the  Klamath,  swum  up  it  200  miles  past  the 
mouths  of  numerous  other  tributaries  until  they  came  to 
Fall  Creek,  and  there  turned  off,  just  as  you  turn  off  the 
highway  when  you  get  to  the  corner  that  leads  to  your 
house,  and  entered  it  to  spawn.  This  is  hard  to  believe,  but 
it  is  true.  It  has  been  found  to  be  true  in  other  cases,  where 
salmon  have  come  back  not  only  to  the  same  river  but  to 
the  same  brook  where  they  were  born.  And  both  Atlantic 
salmon  and  steelhead  have  been  known  to  enter  the  wrong 
stream,  make  a  brief  stay  there  without  spawning,  and  then 
leave  and  go  to  the  right  one. 

This  has  been  called  the  "parent  stream  theory."  It  is  no 
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longer  theory  but  fact.  Moreover,  the  word  farent  is  mis- 
leading. The  fish  do  not  necessarily  return  to  the  stream  of 
their  parents,  or  even  to  what  might  be  called  their  "parent 
stream."  They  return  to  the  stream  in  which  they  them- 
selves grew  up.  Sockeye  eggs  were  brought  from  Alaska  and 
hatched  at  Bonneville  on  the  Columbia  River.  The  little 
fish  were  marked.  They  went  out  to  sea,  and  when  they  re- 
turned to  spawn,  they  went  not  to  Alaska  but  to  the  Columbia 
River.  They  not  only  entered  the  Columbia,  but  they  swam 
up  it  one  hundred  miles  to  Bonneville  and  there  they  de- 
posited their  eggs.  Their  young  grew  up,  were  marked, 
went  out  to  sea,  and  in  due  time  this  second  generation 
also  came  back  to  Bonneville  to  spawn.  They  had  adopted 
this  water  as  a  "foster-parent." 

How  are  these  astounding  feats  of  home-finding  accom- 
plished? This  question  has  several  parts,  susceptible  of  dif- 
ferent answers.  In  the  first  place,  the  fish  must  find  his  way 
through  trackless  ocean  waters  to  the  mouth  of  his  own 
river.  Other  animals  perform  similar  voyages:  birds  fly  vast 
distances  between  summer  and  winter  quarters,  flightless 
penguins  swim  with  infallible  precision  from  the  Antarctic  to 
South  America  and  back,  adult  eels  find  their  way  across  the 
ocean  to  their  breeding  grounds  near  the  West  Indies.  All 
we  can  say  is  that  some  powerful  directional  sense  is  at 
work,  and  it  may  be  that  there  is  something  in  the  hypothe- 
sis that  it  is  the  action  on  the  semi-circular  canals  of  the  ear 
and  their  associated  sense-organs  of  the  so-called  "Coriolis 
force" — a  resultant  of  such  geo-physical  factors  as  the  rota- 
tion and  angular  velocity  of  the  earth,  the  velocity  of  a  body 
relative  to  the  earth's  surface,  and  the  angle  between  the 
body's  direction  of  motion  and  the  earth's  spin  axis. 

Assuming  that  some  such  force  does  exist  to  keep  the 
salmon  on  the  proper  compass  course,  how  does  he  distin- 
guish the  waters  of  his  own  river  system  from  the  others  with 
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which  he  comes  in  contact?  And  how  does  he  pick  out  his 
own  small  tributary  as  he  ascends  a  large  river?  Does  he 
remember  landmarks  so  clearly  that  he  can  retrace  his  route 
years  later?  Or  is  it  true,  as  some  scientists  suggest,  that  he 
has  a  chemical  sense  which  enables  him  to  pick  out  the 
chemical  composition  of  his  own  water  from  all  the  other 
currents  which  he  meets,  and  with  some  of  which  it  mingles? 
Aside  from  the  fact  that  his  own  home  water  probably  differs 
from  itself  in  chemical  composition  at  various  times  of  the 
year  more  than  it  differs  from  other  near-by  streams  at  the 
same  time  of  year,  it  is  harder  for  me  to  believe  that  the 
salmon's  chemical  memory  can  retain  for  years  his  home 
stream's  composition  than  to  believe  that  his  visual  memory 
can  retain  the  landmarks.  One  needs,  like  Alice  in  Wonder- 
land's queen,  to  be  able  to  believe  at  least  three  impossible 
things  before  breakfast.  We  know  that  birds,  after  a  several- 
thousand-mile  round  trip  to  their  wintering  grounds,  return 
in  the  spring  to  the  same  nest  that  they  occupied  the  pre- 
vious year.  We  find  ourselves  capable  of  believing  that  their 
memory  enables  them  to  do  this,  although  we  could  not  do  it 
ourselves.  We  know  that  a  salmon  can  travel  a  thousand 
miles  from  his  own  stream  and  still  find  his  way  back  to  the 
small  tributary  of  that  stream  in  which  he  was  born.  If  we  are 
not  capable  of  believing  that  he  does  this  by  means  of  a  topo- 
graphic sense  stronger  than  any  we  ourselves  know,  then 
we  must  believe  that  it  is  by  means  of  some  sense  of  which 
we  do  not  even  conceive. 

Baffled  in  their  efforts  to  solve  the  "parent  stream" — pref- 
erably the  "home  stream" — problem,  zoologists  have  turned 
to  the  question  of  what  makes  the  salmon  leave  salt  water 
and  come  into  fresh  to  spawn.  It  is  easy  to  say  that  it  is 
instinct,  just  as  it  is  instinct  which  makes  a  bird  build  a  nest 
before  it  lays  its  eggs.  Scientists  are  no  longer  satisfied  with 
that  answer.  They  want  to  know  how  instinct  works.  Scien- 
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tists  always  want  to  know  more  than  they  know  now.  The 
unknown  is  the  food  on  which  they  live. 

They  have  found  that  in  some  cases  what  has  been  called 
instinct  is  in  reality  a  definite  reaction  to  definite  conditions. 
It  is  this  kind  of  reason  which  they  have  tried  to  find  for  the 
spawning  migration  of  salmon.  One  theory  is  that  the  fish 
seek  lower  temperatures,  choosing  always  the  stream  with 
colder  water.  This  has  the  defect  of  not  always  harmonizing 
with  the  facts,  any  more  than  the  theory  that  they  always 
choose  the  stronger  current. 

A  second  hypothesis  is  very  complete.  It  holds  in  the 
first  place  that,  as  spawning-time  approaches,  the  salmon's 
metabolism  is  accelerated,  it  needs  more  oxygen,  and  it  there- 
fore ascends  those  rivers  in  which  oxygen  is  more  abundant 
than  in  the  ocean.  Theoretically  the  oxygen  content  in- 
creases the  higher  up  a  stream  you  go,  and  this  would  lead 
the  salmon  on  up  to  the  spawning-beds.  Actually  there  are 
often  stretches  where  for  a  short  space  the  oxygen  content 
remains  stationary  or  even  decreases.  If,  then,  this  theory 
were  true,  the  salmon  would  cease  to  advance  at  such  a 
point.  The  second  part  of  the  theory  deals  with  the  descent 
of  young  salmon  to  the  sea,  which  it  accounts  for  by  the 
fact  that  when  they  change  from  their  dark  parr  coloring  to 
their  light  smolt  shade,  they  become  exceedingly  sensitive 
to  light,  and  seek  the  deeper  ocean  waters  for  protection 
against  it.  This  double-barreled  theory  should  be  the  de- 
light of  those  who  like  to  explain  everything  on  purely 
mechanistic  grounds. 

A  very  engaging  hypothesis  is  the  argument  that  a  salmon 
is  practically  forced  to  return  to  fresh  water  by  the  buoyancy 
of  the  fat  which  he  stores  up.  He  comes  down  from  the  river 
a  thin  little  fish,  well  adapted  to  the  heavier  salt  water  he  is 
about  to  enter.  For  a  year  or  two  his  food  goes  into  growth. 
Then,  in  the  last  year  before  he  matures,  he  starts  to  put  on 
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fat,  and  he  eventually  becomes  so  buoyant  that  he  seeks  the 
less  dense  fresh  water  in  order  to  be  able  to  handle  himself 
with  more  comfort.  This  fails  to  take  into  account  the  grilse 
which  mature  and  come  into  fresh  water  before  they  have 
reached  the  stage  of  great  obesity. 

Still  another  theory  is  that  their  keen  sense  of  smell  leads 
salmon  into  those  streams  in  which  there  are  at  the  moment 
young  salmon.  This  is  based  on  an  experiment  in  which 
salmon  fry  were  placed  in  a  stream  which  had  once  had  a 
salmon  run,  which  had  then  been  closed  by  a  dam,  and 
which  even  after  the  dam  had  been  out  ten  years  had  failed 
to  attract  a  run.  That  very  summer  adult  salmon  entered 
the  stream  and  spawned — brought  in,  according  to  the  theory, 
by  the  smell  of  the  little  fish.  This  sounds  convincing,  but 
it  is  not  conclusive:  a  group  of  lost  fish  may  have  strayed  in. 
Further  similar  experiments  are  needed  to  prove  that  coinci- 
dence played  no  part. 

And  the  most  recent  theory,  based  on  deep  study  of  physi- 
ology, osmosis,  metabolism  and  chemistry,  and  set  forth  with 
elaborate  and  convincing  technical  detail,  maintains  that  the 
carbon  dioxide  content  of  the  water  holds  the  true  answer, 
and  that  the  salmon  is  absolutely  obliged  to  follow  a  carbon 
dioxide  gradient  which  leads  him  unfailingly  to  spawning 
grounds  in  fresh-water  streams. 

Now,  any  or  all  of  the  reasons  advanced  in  these  various 
hypotheses  may  have  something  to  do  with  the  salmon's 
migration  into  fresh  water.  But  the  fact  remains  that  none  of 
them  tell  us  how  the  salmon  finds  its  home  stream.  And  the 
fact  remains  that  trout  carry  on  the  same  migration  in  a  minor 
key,  but  may  go  upstream  or  down,  into  cooler  or  warmer 
water,  into  water  higher  or  lower  in  oxygen  j  and  their  sense 
of  smell  can  play  no  part  in  a  downstream  movement,  and 
their  fat  content  can  play  no  part  in  a  movement  which  be- 
gins and  ends  in  fresh  water.  When  they  come  to  a  gravel 
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fine  enough  to  keep  eneniies  away  from  their  eggs  and 
coarse  enough  to  let  water  in,  and  a  current  swift  and  cool  and 
well-aerated  enough  to  let  their  eggs  breathe,  they  are 
satisfied  and  they  spawn.  If  the  trout  can  go  through  this 
cycle  of  behavior  without  any  of  the  influences  set  forth 
in  the  foregoing  hypotheses,  it  seems  reasonable  to  believe 
that  the  salmon  can  do  the  samej  and  if  that  is  so,  then  the 
theories  fail  to  explain. 


CHAPTER    X 

Other  Game  Fish 

A  GREAT  many  fishes  furnish  excellent  sport  for  anglers. 
It  being  manifestly  out  of  the  question  to  consider  them  all, 
we  shall,  with  apologies  to  those  passed  over,  confine  our- 
selves to  the  few  species  dealt  with  in  this  chapter.  Of  some, 
such  as  the  black  bass,  the  natural  history  is  well  known.  Of 
others,  for  instance  the  tarpon,  our  knowledge  is  expanding 
rapidly.  And  of  still  others,  such  as  the  swordfish,  the  life- 
story  is  almost  a  closed  book,  and  to  try  to  set  it  forth  is 
interesting  primarily  in  that  it  shows  how  little  of  it  we 
know. 

TARPON 

The  tarpon  has  been  well  treated  by  the  taxonomists,  for 
they  call  him,  quite  simply,  Tarfon  atlantkus.  He  is  a  good 
example  of  a  primitive  present-day  fish;  ventral  fins  placed 
well  to  the  rear,  no  spines,  and  air-bladder  opening  into  the 
gullet  by  a  tube.  It  would  be  unkind  to  him  and  to  his  devo- 
tees to  call  him  a  glorified  herring,  but  just  as  the  lordly 
salmon  is  a  distant  relative  of  the  lowly  smelt,  so  is  the 
mighty  tarpon  a  distant  relative  of  the  little  fish  which  ap- 
pears on  the  breakfast  table  as  a  kipper.  For  he  belongs  to 
the  order  ClupoideUy  and  to  this  belong  not  only  his  cousin 
the  bonefish,  but  also  the  alewives,  herrings,  shads,  and  sar- 
dines. In  vindication  of  his  character,  it  should  be  pointed  out 
that  he  is  the  purest  of  all  game  fishes,  for  as  a  table  deli- 
cacy he  is  a  total  loss,  and  it  is  solely  in  the  name  of  sport 
that  man  pursues  him.  Ulterior  motives  might  be  assigned 

200 


Other  Game  Fish  201 

to  the  trout  and  salmon  fishermen,  even  to  the  hunters  of 
tuna  and  swordfish,  but  not  to  the  tarpon-angler. 

The  tarpon  has  been  found  on  the  west  coast  of  Africa, 
and  strays  as  far  north  as  Massachusetts,  but  his  center  of 
abundance  is  the  Gulf  of  Mexico,  where  he  spends  much  of 
his  time  among  the  shoals  and  passes  and  keys  which  line 
the  coasts  of  Florida  and  southern  Texas.  He  also  goes 


Figure  24.  TARPON 

From  Jordan  and  Evermann,  Fishes  of   'North  and  Middle  America  by 
permission  of  the  United  States  National  Museum. 

readily  into  fresh  water  5  he  is  a  well-known  visitor  to  Lake 
Nicaragua.  He  eats  mullet,  pinfish,  sea  catfish,  sardine, 
shrimp,  and  crab.  His  enemies  are  the  shark,  which  he  can 
outrun,  and  the  porpoise.  He  is  hooked  mostly  at  a  depth  of 
about  forty  feet,  whereupon  he  rushes  to  the  surface  and 
leaps  what  seems  to  be  about  forty  feet  into  the  air.  Uncon- 
cerned observers  have  estimated  that  his  jump  is  in  reality 
not  over  twelve  feet  high  and  twenty-five  feet  long. 

Studies  begun  only  ten  years  ago  have  thrown  much  light 
on  hitherto  dark  passages  in  the  tarpon's  life.  Up  to  that  time, 
no  one  had  ever  seen  this  fish  spawn,  and  where  such  activi- 
ties took  place  was  purely  a  matter  of  conjecture.  Now  spawn- 
ing has  been  observed  j  in  May,  June,  and  July,  between  the 
islands  of  the  Florida  keys,  pairs  of  fish,  or  sometimes  three 
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(the  eternal  triangle — presumably,  two  males  and  one  fe- 
male) have  been  seen  milling  around  in  the  shallows,  with 
white  clouds  of  the  milt  emitted  by  the  males  appearing  in 
the  water. 

The  next  step  in  the  study  was  to  recover  some  of  the  eggs. 
Since  it  was  known  that  the  nearly  ripe  eggs  taken  from 
captured  females  sank,  a  very  fine-meshed  net  was  towed 
along  the  bottom.  The  naturally  deposited  eggs  had  never 
before  been  found,  and  the  scientist  in  charge  of  the  work 
apparently  mistrusted  the  danger  of  over-optimism,  for  with 
the  refusal  to  accept  even  the  most  hoped-for  fact  without 
absolute  proof  which  all  scientists  must  learn,  he  reports  that, 
of  the  very  few  eggs  of  any  kind  which  his  tow  nets  took, 
"there  was  one  type  that  we  have  been  unable  to  eliminate 
as  clearly  not  that  of  the  tarpon."  Then,  almost  yielding  to 
temptation,  he  does  permit  himself  to  say:  "If  this  is  not  the 
tgg  of  the  tarpon  it  is  surprisingly  like  what  the  nearly  ripe 
eggs  must  approach  on  full  development." 

These  eggs  were  one-sixteenth  of  an  inch  in  diameter,  as 
compared  to  less  than  one-thirty-second  of  an  inch  for  the 
eggs  found  in  the  nearly  ripe  ovaries  j  but  the  latter  swell  to 
the  size  of  the  former  when  permitted  to  stand  in  water — 
a  process  known  as  "water-hardening,"  whereby  water  per- 
meates through  the  egg  surface  and  enters  the  space  between 
the  inner  and  outer  membranes,  thus  providing  a  cushion 
which  protects  the  developing  embryo  against  shocks.  The 
prized  eggs  were  taken  to  the  laboratory  and  hatched  in 
basins  in  the  hope  that  their  development  would  give  sure 
proof  of  the  species  to  which  they  belonged,  but  it  was  found 
impossible  to  keep  any  of  the  little  fish  alive  for  more  than 
three  days.  During  this  period  they  shrank  in  size  instead  of 
growing,  and  the  most  advanced  laboratory  stage  showed 
"characters  not  unlike  those  seen  in  the  pre-leptocephalid 
larvae  of  apodal  fishes." 
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"Apodal  fishes"  are  eels,  and  the  very  young  differ  from 
the  adults  so  much  that  they  were  once  thought  to  be  a 
separate  species  and  given  the  name  Leftocefhalus.  The 
name  is  now  used  to  describe  the  stage  in  the  young  of  other 
species  in  which  their  larval  appearance  is  very  like  the  little 
eel,  and  unlike  their  own  species.  The  bonefish  or  ladyfish, 
famous  game  fish  of  Florida  waters  recently  discovered  to  be 
a  resident  of  Southern  California,  is  definitely  known  to  go 
through  this  larval  stage.  It  starts  life  as  a  thin  ribbon,  with 


Figure  25.  LARVAL  OR  LEPTOCEPHALID  STAGE  OF 
BONEFISH 

a  tiny  head  at  one  end  and  the  dorsal  and  anal  fins  crowded 
together  at  the  other  end  (see  Figure  25).  It  is  almost  trans- 
parent, and  in  open  water  the  spot  formed  by  its  eye  is  about 
the  only  thing  that  can  be  seen.  It  grows  in  this  form  until  it 
is  over  two  inches  long.  Then  a  metamorphosis  sets  in.  Its 
growth  goes  into  reverse,  and  it  starts  to  get  smaller.  It 
shrinks  rapidly  until  in  ten  days  it  is  less  than  an  inch  long, 
and  at  the  same  time  it  abandons  its  disguise  and  changes  into 
a  miniature  of  the  adult  fish. 

Elop,  the  ten-pounder,  also  has  this  leptocephalid  stage. 
The  close  relationship  of  it  and  the  bonefish  to  the  tarpon  has 
led  zoologists  to  believe  that  very  possibly  a  like  stage  may 
occur  in  the  development  of  the  tarpon.  Support  for  this 
theory  came  in  1934,  when  a  little  fish  one  inch  long  from 
near  Beaufort,  North  Carolina,  was  tentatively  described  as 
a  tarpon  in  transition  from  the  leptocephalus  to  the  adult 
form.  This  specimen  was  unfortunately  destroyed  before  it 
could  be  drawn  or  preserved,  but  recent  analysis  of  the  de- 
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scription  has  shown  a  discrepancy  in  the  number  of  rays  in 
the  dorsal  and  anal  fins,  and  raises  strong  doubt  whether 
this  actually  was  a  tarpon. 

If  the  tarpon  does  have  a  leptocephalus  stage,  why  has  it 
never  been  found,  when  this  stage  in  the  ten-pounder  is 
common?  The  fate  of  the  little  fish  hatched  from  the  hypo- 
thetical "tarpon"  eggs  in  the  laboratory  provides  a  clue  to 
the  answer.  The  water  in  which  they  were  held,  taken  from 
the  nearby  shore,  was  found  to  be  full  of  minute  crustaceans 
which  were  so  voracious  that  they  set  upon  the  little  fish  and 
devoured  them  as  soon  as  they  were  out  of  the  t.^g^  and  it 
was  impossible  to  raise  them  even  to  three  days  of  age  with- 
out first  filtering  out  these  predators.  The  "green"  inshore 
water  where  the  tarpon  have  been  seen  to  spawn  is  also  alive 
with  these  crustaceans  j  the  "blue"  outside  waters  are  almost 
devoid  of  them.  In  these  "blue"  waters  larval  stages  of  other 
known  fish  have  been  found  whkh  are  absent  from  the  in- 
shore waters.  Piecing  all  of  these  facts  together,  the  follow- 
ing hypothesis  emerges:  Little  tarpon  which  hatch  in  the 
"green"  water  succumb  to  the  tiny  crustacean  predators. 
However,  the  smooth  round  eggs  are  immune  to  such  at- 
tacks} if  some  of  these  are  carried  by  currents  into  the  "blue" 
water  before  hatching  (and  in  the  denser  "blue"  water  they 
float),  the  larval  tarpon  then  have  a  chance  to  survive.  Or,  it 
may  be  that  adult  tarpon  spawn  in  the  "blue"  water  as  well 
as  in  the  "green."  That  the  larval  tarpon  has  a  leptocephalus 
stage  and  that  this  stage  is  passed  in  the  "blue"  waters  is  the 
conjecture  which  fills  in  the  gap  in  our  knowledge.  The  fact 
remains,  however,  that  neither  in  these  "blue"  waters  nor 
anywhere  else  has  anything  been  found  which  could  be  posi- 
tively identified  as  a  larval  tarpon. 

With  the  very  doubtful  exception  of  the  Beaufort  speci- 
men, tarpon  under  two  inches  long  have  never  been  seen. 
From  two  to  eight  inches,  numerous  individuals  have  been 
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obtained,  mostly  well  up  rivers  or  from  landlocked  waters 
formerly  connected  with  the  sea.  These  specimens,  and  others 
of  larger  size,  have  been  studied,  and  good  evidence  obtained 
that  their  age  can  be  assessed  from  the  annuli  which  appear 
on  their  scales.  When  it  is  realized  that  the  water  tempera- 
ture at  Boca  Grande,  Florida,  ranges  from  a  high  of  93  de- 
grees in  summer  to  a  low  of  59  degrees  in  winter,  and  that 
there  is  a  seasonal  change  in  the  availability  of  the  various 
food  forms,  it  is  not  surprising  that  there  is  a  change  in  the 
growth  rate  which  would  show  on  the  scales. 

According  to  scale  readings,  tarpon  reach  a  length  of  ten 
inches  at  the  end  of  the  first  year,  twenty  inches  at  the  end 
of  the  second,  thirty  inches  at  the  end  of  the  third.  They 
probably  start  spawning  in  their  sixth  or  seventh  year,  when 
they  are  about  four  feet  long,  and  it  is  at  this  time  that  they 
play  the  largest  part  in  the  catch.  However,  there  is  evi- 
dence that  angling  is  not  heavy  enough  to  deplete  their  num- 
bers to  a  dangerous  extent.  Ten-year-old  fish  are  not  un- 
common, and  average  five  feet  in  length.  The  oldest  fish 
found  in  the  course  of  scale  examination  had  reached  its 
fifteenth  year. 

One  of  the  most  startling  facts  recently  discovered  about 
the  tarpon  has  to  do  with  its  air-bladder.  As  we  have  seen 
in  Chapter  VI,  this  is  well  supplied  with  blood  vessels  and 
has  an  open  connection  with  the  gullet  which  enables  little 
tarpon  trapped  in  landlocked  lagoons  where  the  water  is 
almost  devoid  of  oxygen  to  survive  by  coming  to  the  surface 
for  air.  Experiments  have  now  shown  that  even  in  well- 
oxygenated  sea  water  these  fish  rise  periodically  for  air — 
adults  on  the  average  of  five  times  per  hour,  younger  fish 
more  frequently.  If  prevented  from  coming  to  the  surface, 
they  perish — in  the  experiments,  within  from  seven  to  128 
hours.  Like  human  beings,  they  must  have  airj  if  held  under 
water  too  long,  they  drown. 
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TUNA 


The  tuna  is  a  giant  relative  of  the  common  mackerel.  The 
name  is  used  for  several  species,  but  the  one  which  is  of  most 
interest  to  sportsmen  is  Thunnus  thynnusy  the  blue-fin  tuna. 
This  animal  has  the  less  frigid  regions  of  the  whole  world 
for  its  home.  In  the  North  Sea,  the  North  Atlantic,  the 
Mediterranean,  the  Caribbean,  the  North  and  South  Pacific, 
and  off  Madagascar,  the  same  species  has  been  caught.  Its 
relations  with  man  go  back  into  antiquity,  for  its  pictures 
figure  in  Greek  designs.  In  spite  of  all  this,  very  little  is 
known  about  it.  However,  to  avoid  giving  a  wrong  impres- 
sion, let  me  specify  that  it  is  its  life  history  that  is  little 
known.  Its  insides — its  anatomy,  its  physiology,  its  chemistry 
—have  been  well  explored  j  it  is  the  habits  of  the  beast  which 
remain  in  darkness. 

Tuna  are  believed  to  mature  at  three  years  of  age,  when 
they  weigh  about  thirty  pounds.  Spawning  presumably  oc- 
curs between  December  and  July,  varying  with  the  locality  j 
spawning  areas  are  not  definitely  known.  Eggs,  of  the  pelagic 
or  floating  type,  have  been  found  in  the  Mediterranean. 
They  hatch  in  two  days  into  larvae  less  than  one-quarter  inch 
long.  Larvae  have  been  found  in  the  Mediterranean  and  in 
mid-Atlantic.  Fish  under  six  to  ten  pounds  are  unknown  on 
the  shores  of  North  America.  Large  tuna  feed  on  mackerel, 
herring,  dogfish,  squid,  flying  fish.  On  account  of  their  size 
and  speed,  they  have  only  one  effective  enemy,  Orca,  the 
killer-whale,  which  they  greatly  fear. 

Migrations  northward  in  summer  and  southward  in  win- 
ter are  characteristic  of  the  tuna.  In  California  it  makes  its 
appearance  off  the  southern  coast  in  May  and  moves  north- 
ward as  the  season  advances.  In  December  it  vanishes,  and 
from  December  to  May  its  whereabouts  is  unknown.  It 
reaches  a  weight  of  five  hundred  pounds  and  is  subject  to 
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a  great  commercial  fishery.  It  is  easily  caught  in  purse  seines 
when  the  water  is  relatively  warm,  but  cooler  water  makes  it 
wary  and  active  and  often  drives  it  down  from  the  surface. 
More  recently,  the  primitive  hook-and-line  has  largely  re- 
placed the  net,  the  big  new  boats,  which  sometimes  spend 
weeks  offshore,  being  designed  primarily  for  this  kind  of 
fishing.  When  a  school  of  tuna  is  found,  the.  fishermen 
clamber  over  the  sides  onto  racks  around  the  stern  of  the 
vessel.  Each  man  wields  a  stout  bamboo  pole  with  a  short 
line  and  a  feathered  "jig"  with  a  barbless  hook.  Almost  in 
one  motion,  the  hook  strikes  the  water,  is  seized  by  the  fish, 
and  is  heaved  backward  and  upward,  so  that  the  startled  tuna 
flies  through  the  air  and  lands  on  the  deck  behind  the  fisher- 
man. The  barbless  hook  comes  out  and  is  immediately  cast 
back  into  the  water.  When  a  school  is  biting  fast,  action  is 
almost  continuous.  If  the  fish  are  too  large  for  one  man  to 
handle,  two  work  together,  one  hook  being  fastened  by  a 
twin  line  arrangement  to  two  poles  which  are  lowered  and 
raised  in  perfect  unison.  For  big  fish,  three  men  with  three 
poles  must  join  forces,  and  for  the  biggest  four,  and  some- 
times even  five.  To  see  those  bamboos  bend  as  the  giant  fish 
rises  and  sails  through  the  air  is  a  spectacular  sight.  As  may 
be  guessed,  a  strong  back  is  an  essential  for  a  commercial 
tuna  fisherman — but  in  few  activities  does  a  strong  back  gain 
a  higher  financial  reward. 

The  tuna  is  in  California  also  a  great  sport  fish,  for  it  was 
at  Santa  Catalina  Island  that  a  hardy,  pioneering  gentleman 
first  conceived  of  the  possibility  of  catching  this  huge  animal 
on  rod  and  line,  and  did  actually  take  one  on  tackle  which 
would  now  be  looked  on  as  pitiable.  This  was  the  inception  of 
the  famous  Tuna  Club.  It  was  also  in  California  that  the 
most  effective  method  of  getting  tuna  on  a  troll  hook  was 
invented — attaching  a  kite  to  the  line,  which  pulls  the  lure 
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out  of  the  wake  of  the  boat,  and  makes  it  skip  over  the 
surface  in  simulation  of  a  flying  fish. 

In  this  connection,  the  natural  relation  between  the  flying 
fish  and  the  tuna  is  of  interest.  The  tuna  is,  as  we  know,  one 
of  the  fastest  of  fishes:  it  can  make  at  least  thirty  miles  an 
hour.  In  the  water,  the  flying  fish  can  attain  no  such  speed, 
but  it  has  been  estimated  that  in  the  air  it  sometimes  glides 
more  than  one  thousand  feet  at  a  rate  of  forty  miles  an  hour. 
When  it  does  this  it  leaves  the  tuna  far  behind.  Therefore  a 
single  flying  fish  can  escape  a  single  tuna  if  it  makes  a  good 
flight  J  but  if  it  makes  ^  poor  one,  or  if  it  is  surrounded  by  a 
school  of  tuna,  it  has  little  chance. 

One  other  feature  of  interest  in  connection  with  the 
tuna's  speed  is  its  high  body  temperature.  Unlike  most  fish, 
its  insides  are  consistently  six  to  eight  degrees  warmer  than 
the  surrounding  water.  The  explanation  is  thought  to  lie  in 
the  smallness  of  its  viscera.  This  great  big  bouncing  fish  is 
almost  all  muscle,  with  its  stomach  and  intestines  tucked 
away  in  a  comparatively  tiny  space.  To  furnish  the  energy 
necessary  for  the  animal's  swift  propulsion  through  the 
water,  a  great  amount  of  food  must  be  consumed.  With  its 
small  capacity,  the  only  way  to  accomplish  this  is  to  pass  the 
food  through  the  digestive  organs  with  great  rapidity.  In 
other  words,  the  fuel  must  be  burned  very  fast,  and  the 
result  is  a  high  body  temperature. 

On  our  Atlantic  coast,  the  tuna  follows  the  example  of 
many  vacationists,  and  goes  to  New  England  for  the  sum- 
mer. On  account  of  the  immense  size  which  it  reaches  in 
these  waters — one  thousand  pounds  is  not  uncommon,  and 
a  ten-foot  fish  weighing  sixteen  hundred  pounds  has  been 
recorded — the  New  England  fishermen  used  to  call  it  the 
"horse  mackerel,"  and  for  a  long  time  had  little  regard  for  it 
as  a  food-fish.  More  recently  they  have  come  to  realize  that 
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the  Mediterranean  peoples  have  for  centuries  considered  it 
highly  edible.  Recently,  also,  east  coast  sportsmen  have  awak- 
ened to  the  fact  that  the  fish  which  they  had  been  traveling 
to  California  to  catch  had  a  summer  colony  in  their  home 
waters,  and  one  of  them  has  taken  a  tuna  weighing  over  nine 
hundred  and  fifty  pounds.  But,  as  one  Massachusetts  ichthy- 
ologist has  remarked,  "No  one  has  yet  succeeded  in  subdu- 
ing a  really  large  tuna  on  rod  and  reel."  This  is  perhaps  the 
New  Englander's  quiet  way  of  pointing  out  to  the  Cali- 
fornian  that  his  tuna  do  not  compare  in  size  with  those  found 
on  the  effete  east  coast.  But,  regardless  of  size,  the  tuna  dis- 
appears from  New  England  when  winter  comes  just  as  com- 
pletely as  from  California,  and  its  spawning  is  just  as  much 
of  a  mystery. 


SWORDFISH 


The  swordfish  is  the  greatest  fighter  of  them  all,  for  it 
not  only  fights  to  get  away  from  the  fisherman,  as  all  good 
game  fish  do,  but  it  sometimes  turns  and  carries  the  fight  to 
him,  especially  when  harpooned.  It  has  been  known  to  swim 
at  his  boat  and  drive  its  sword  through  the  planks.  Whether 
this  attack  is  intentional,  or  just  happens  in  the  course  of  its 
blind  rushes,  we  do  not  know,  but  in  any  case  it  gives  the 
fisherman  a  thrill.  The  psychology  of  these  animals  is  diffi- 
cult to  understand,  for  it  is  hard  to  see  why  they  should 
attack  ships,  and  yet  there  are  indisputable  records  which 
prove  that  they  do.  One  rammed  ^  China  clipper  so  vio- 
lently that  she  leaked,  and  there  was  great  to-do  in  the  law 
courts  as  to  whether  the  resulting  damages  should  be  paid  by 
the  insurance  companies,  or  whether  it  was  an  act  of  God  not 
included  in  ordinary  marine  risks.  And  there  are  records  of  a 
ship's  hull  being  penetrated  to  a  depth  of  eight  inches  by  a 
swordfish  sword.  The  speed  and  weight  which  could  drive 
the  weapon  this  far  into  wooden  planking  at  a  single  blow 
can  only  be  imagined. 
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The  broadbill  swordfish  rejoices  in  the  merry  name  of 
Xi^hias  gladius.  Xifhias  means  "sword"  in  Greek,  gladius 
means  "sword"  in  Latin.  The  scientist  who  labeled  it  was 
evidently  impressed  with  the  fact  that  it  has  a  sword.  This  is 
a  flat,  sharp-edged  projection  of  the  upper  jaw  which  may 


Figure  26.  SWORDFISH,  YOUNG  (much  enlarged)   AND 
ADULT    (much   reduced). 

After  Ch.  Liitken. 

The  little  creature  at  the  top  of.  this  figure  was  first  thought  to  be  the 
young  of  the  sailfish,  but  was  later  classed  as  a  swordfish.  The  matter  is 
not  yet  completely  settled,  but  in  either  case  the  young  has  no  sword,  the 
adult  has. 


reach  a  length  of  five  to  six  feet,  and  the  fish  has  been  known 
to  attain  a  length  of  fifteen  feet  overall  and  a  weight  of  one 
thousand  pounds.  Like  the  tuna,  it  roams  throughout  the 
world,  avoiding  only  the  regions  where  the  water  is  really 
cold.  It  feeds  on  schooling  fish  such  as  menhaden,  mackerel, 
even  bonito,  and  is  said  to  strike  right  and  left  with  its 
sword  in  a  school  until  it  has  incapacitated  several  of  its  prey, 
which  it  then  eats.  The  larger  sharks  are  its  natural  enemies. 
Like  the  sharks,  it  often  carries  remoras,  those  small  fish 
which  use  the  suctorial  disks  on  the  tops  of  their  heads  to 
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attach  themselves  to  their  large  hosts  and  thus  obtain  free 
rides  to  the  meals  provided  by  the  latter. 

Stories  of  swordfish  banding  together  with  thresher  sharks 
to  attack  larger  animals  are  to  be  looked  on  with  suspicion. 
It  is  possible  that  both  species  have  in  the  course  of  history 
attacked  the  same  animal  at  the  same  time,  but  actual  co- 
operation between  them  is  unlikely. 

Swordfish  spawn  in  the  vicinity  of  Sicily  and  Cuba,  and 
very  probably  in  other  locations  not  yet  discovered.  The  eggs 
are  minute,  round  and  buoyant,  and  hatch  two  days  after 
fertilization.  The  very  young  fish  are  wistful-looking  little 
things,  with  scales  and  teeth,  but  no  sword.  As  they  grow, 
scales  and  teeth  disappear,  and  the  upper  jaw  develops  the 
sword. 

The  spear-fish  or  marlin,  so-called  because  its  sword  is 
round  like  a  spear  or  marlinspike,  belongs  to  a  different  genus 
from  the  broadbill.  It  has  ventral  fins,  which  the  broadbill 
lacks,  and  it  has  teeth  and  scales  in  the  adult  form.  The 
sailfish  is  a  close  relative  of  the  marlin,  and  gets  its  name  from 
its  long,  high,  sail-like  dorsal  fin. 

STRIPED    BASS 

The  striped  bass  is  native  to  our  Atlantic  coast  from 
the  Saint  Lawrence  River  to  the  Gulf  of  Mexico.  He  lives, 
according  to  books,  in  tidal  estuaries,  but  he  is  frequently 
caught  in  the  ocean  surf,  and  he  goes  up  rivers  into  fresh 
water  to  spawn.  He  is  a  natural  wanderer,  but  his  longest 
voyage  was  anything  but  natural.  This  occurred  back  in 
1879,  when  135  young  striped  bass  journeyed  by  train  from 
the  Navesink  River  in  New  Jersey  to  San  Francisco  Bay. 
Three  years  later,  300  more  followed  in  the  footsteps  of  the 
pioneers.  From  these  small  beginnings  the  species  has  spread 
up  and  down  the  coast  for  five  hundred  miles,  and  is  now 
abundant  in  the  Sacramento  River,  where  it  is  held  in  high 
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esteem  as  a  game  fish.  Tampering  with  nature  often  has 
unhappy  results.  The  English  sparrow  imported  to  this 
country  to  combat  caterpillars,  the  rabbit  taken  to  Australia 
to  provide  food,  have  turned  into  intolerable  nuisances.  But 
unless  the  striped  bass's  occasional  habit  of  eating  young 
steelhead  and  salmon  turns  out  to  be  a  real  boomerang,  it 
can  be  said  that  its  introduction  to  California  has  brought 
only  happiness  to  all  concerned,  and  the  same  thing  is  true 
of  the  shad,  which  was  shipped  west  at  about  the  same  time, 
and  which  is  now  more  abundant  there  than  in  its  native 
waters  in  the  east.  These  two  immigrants  furnish  food  and 
recreation  which  would  not  otherwise  exist,  and,  with  the 
above-mentioned  reservation,  the  men  who  conceived  and 
brought  about  their  importation  may  be  looked  upon  as 
benefactors  of  humanity. 

The  striped  bass  is  a  typical  modern  fish  with  all  the 
advanced  features.  Its  ventral  fins  are  located  under  the 
pectorals,  its  dorsal  is  double  with  the  forward  part  sup- 
ported by  stiff  spines  and  the  after  part  by  soft  rays,  its  scales 
are  ctenoid,  its  premaxillary  bone  forms  the  upper  lip  to 
the  exclusion  of  the  maxillary,  and  its  air-bladder  has  lost 
its  connection  with  the  gullet.  It  belongs  to  the  Serramdae^ 
and  is  therefore  more  closely  related  to  the  sea-bass  and 
the  grouper  than  to  the  large-  and  small-mouth  black  bass, 
which  are  members  of  another  family. 

Its  natural  history  is  fairly  well  known.  It  spawns  between 
the  months  of  March  and  July,  when  temperatures  range 
between  6o  and  75  degrees.  It  may  spawn  in  brackish  water, 
as  has  been  reported,  but  certainly  much  more  often  in 
fresh.  It  chooses  channels  where  there  is  a  definite  current — 
sometimes  not  great,  but  sometimes  very  considerable.  One 
of  its  best-known  spawning  grounds  on  the  Atlantic  coast  is 
in  the  fast-flowing,  rock-strewn  rapids  of  the  Roanoke  River. 
On  the  Pacific  coast  it  spawns  in  the  comparatively  slow- 
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moving  tidal  currents  of  the  Sacramento-San  Joaquin  Delta 
and  also  well  up  the  Sacramento  in  more  rapidly  moving 
waters. 

Its  spawning  activities,  called  "rock-fights"  in  the  east 
where  the  name  "rock-fish"  is  current,  involve  large  numbers 
of  individuals  splashing  about  at  the  surface.  Anywhere 
from  five  to  thirty  appear,  mill  around  for  a  few  moments, 
then  all  head  up-  or  downstream  and  roll  over  on  their 
sides  at  about  a  45-degree  angle,  throwing  water  in  all  di- 
rections with  their  tails.  These  groups  are  usually  composed 
of  one  female  and  many  males,  the  female  being  larger  than 
her  consorts  i  and  many  such  groups  are  in  sight  at  one 
time.  That  this  is  actually  reproduction,  and  not  courtship,  is 
proved  by  the  fact  that  fertilized  eggs  can  be  collected  from 
the  vicinity  which  are  only  one-sixteenth  inch  in  diameter, 
having  not  yet  "water-hardened" — a  process  which,  while 
taking  only  one  hour,  swells  them  to  about  one-eighth  inch 
in  diameter. 

The  eggs  sink  but  are  what  is  called  "semibuoyant," 
meaning  that  they  are  so  near  the  same  specific  gravity  as 
water  that  the  slightest  disturbance  will  lift  them  off  the 
bottom.  They  hatch  in  seventy  hours  at  60  degrees,  in  forty- 
eight  hours  at  67  degrees.  The  young  absorb  the  yolk-sac  in 
a  week,  and  form  scales  when  about  half  an  inch  long.  They 
grow  rapidly,  averaging  four  to  five  inches  at  the  end  of  the 
first  year,  fifteen  inches  at  the  third,  twenty  at  the  fifth, 
thirty-two  at  the  tenth,  forty-two  at  the  fifteenth.  This  is 
when  food  is  abundant  and  temperatures  favorable,  but  it 
appears  that  even  under  optimum  conditions  growth  takes 
place  only  between  May  and  October,  and  that  during  the 
remaining  months  of  each  year  there  is  no  increase  in  size. 
They  live  to  be  at  least  twenty-five  years  old,  and  have  been 
known  to  reach  a  length  of  six  feet  and  a  weight  of  125 
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pounds.  They  eat  herring,  sand-launce,  menhaden,  crusta- 
ceans, mussels,  and  small  fish. 

Males  reach  maturity  in  the  second  or  third  year,  females 
in  the  fourth  or  fifth,  and  they  spawn  annually  thereafter. 
They  do  not  give  up  feeding  during  the  spawning  period, 
so  that  growth  is  not  interrupted  at  this  season,  and  the 
scales  show  no  spawning-mark.  The  number  of  eggs  is  large: 
about  one  million  for  a  ten-pound  female,  ten  million  for  a 
seventy-five  pounder.  Males  are  smaller  than  females  of 
the  same  age,  and  this  is  a  fact  which  holds  true  for  many  of 
the  bony  fishes.  Males  are  often  smaller  and  brighter-colored 
than  their  consorts. 

BLACK   BASS 

The  black  bass  is  a  typically  American  fish.  He  belongs 
to  a  family  native  only  to  North  America,  the  Centrarchidaey 
which  includes  also  the  crappies  and  the  sunfishes.  His  char- 
acter embodies  traits  which  we  like  to  think  of  as  typically 
American:  adaptability,  gameness,  individuality.  And  one  of 
his  first  appearances  in  history  is  also  typically  American:  it 
consisted  of  a  journey  in  the  water-tank  of  a  locomotive. 

The  black  bass  was  originally  confined  to  the  Saint 
Lawrence  and  Mississippi  basins,  and  to  the  South  Atlantic 
states  and  the  territory  near  the  Mexican  border.  He  was 
not  to  be  found  in  the  New  England  and  Middle  Atlantic 
states,  and  in  the  days  of  slow  travel  it  was  impossible  to 
transport  him.  At  that  time  there  lived  a  gentleman  named 
William  Shriver  who  could  not  get  over  the  fact  that  a  care- 
less god  had  done  everything  imaginable  to  make  the  Poto- 
mac a  paradise  for  black  bass,  and  had  then  neglected  to  put 
any  of  the  species  in  that  body  of  water.  When  the  Baltimore 
&  Ohio  Railroad  was  completed  across  the  AUeghenies,  the 
event  had  one  significance  to  Mr.  Shriver:  man  had  pro- 
vided the  link  which  nature  had  omitted.  He  procured  a 
large  bucket,  punched  it  full  of  holes,  filled  it  with  bass, 
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and  then  hung  it  in  the  water-tank  of  the  locomotive  while 
the  train  puffed  down  to  the  shores  of  the  Potomac.  There 
he  released  his  fish,  and  there  have  been  black  bass  in  the 
Potomac  ever  since. 

Since  that  day,  many  other  shipments  of  this  fish  have 
been  successfully  completed,  both  by  government  agencies 
and  by  individuals.  The  ease  with  which  it  is  kept  alive,  and 
its  adaptability,  have  favored  its  artificial  distribution.  It  is 
now  to  be  found  all  over  the  United  States,  and  it  has  been 
successfully  introduced  into  Cuba,  Great  Britain,  continental 
Europe,  and  even  South  Africa. 

It  can  survive  under  conditions  which  trout  would  find 
insupportable,  and  if  deforestation,  irrigation,  flood  control, 
and  power  projects  continue  to  change  the  nature  of  our 
lakes  and  streams,  the  bass  will  take  the  place  of  the  trout 
in  many  of  our  more  populous  areas.  This  is  bad  news  for 
the  trout  fisherman,  but  since  the  trout  seems  doomed  in 
these  localities  anyway,  we  can  be  thankful  for  so  desirable 
a  replacement.  That  bass  exterminate  trout  when  introduced 
into  the  same  water  has  never  been  conclusively  proved, 
but  observation  shows  that  where  conditions  are  equally 
favorable  to  both,  the  bass  often  become  the  dominant  fish. 
Where  the  advantage  is  distinctly  on  the  side  of  the  trout  he 
is  generally  able  to  resist  the  inroads  of  his  rival,  although 
sometimes  even  in  cold  waters  he  goes  down  before  hordes 
of  stunted  bass.  The  introduction  of  bass  into  trout  water 
should  therefore  be  carefully  guarded  against  unless  it  has 
been  definitely  decided  to  give  that  water  over  to  the  spiny 
fish. 

So  far  we  have  spoken  of  the  black  bass  as  though  it  were 
one  species,  which  is  obviously  untrue.  There  are  two  spe- 
cies: ^  the  small-mouth.  Micro  fterus  dolomieUy  and  the  large- 

^  A  third,  the  spotted  or  Kentucky  bass,  Microfierus  functulatuSy  is  now 
recognized,  intermediate  between  the  other  two. 
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mouth,  which  the  systematists  changed  from  the  genus  Mi- 
crofterus  to  the  genus  Huro  some  years  ago,  and  have  now 
decided  to  restore  to  Microfterus.  Microfterus  salmoides  is 
now  once  more  its  name.  The  two  are  so  much  alike  that  it 
is  sometimes  difficult  for  the  fisherman  to  tell  which  he  has 
caught.  Such  distinctions  as  "smaller"  mouth,  "darker"  color, 
do  not  help  much  unless  one  has  the  two  species  side  by 
side.  Some  people  look  for  the  notch  between  the  spines  of 
the  forward  portion  of  the  dorsal  fin  and  the  soft  rays  of  the 
after  portion  j  this  is  much  deeper  in  the  large-mouth.  There 
is  one  difference  which,  while  requiring  more  labor  to  deter- 
mine, is  exact.  It  is  in  the  scales,  which  are  smaller  in  the 
small-mouth  than  in  the  large-mouth.  The  former  typically 
has  eleven  horizontal  rows  of  scales  between  the  lateral  line 
and  the  base  of  the  dorsal  fin,  the  latter  not  more  than  eight. 

In  habits  the  two  fish  differ  more  than  in  appearance.  The 
small-mouth  is  restricted  to  cooler  waters.  He  frequents 
rocky  streams,  or  the  gravelly  shoals  and  the  bottom  springs 
of  lakes.  In  addition  to  the  insects,  larvae,  frogs,  etc.,  which 
both  forms  eat,  he  is  addicted  to  crustaceans,  especially  craw- 
fish. Whether  this  is  because  they  abound  in  his  favored  habi- 
tat, or  whether  he  favors  that  habitat  because  of  his  dietary 
preference,  is  still  to  be  decided. 

The  large-mouth  is  hardier.  He  gets  along  in  either  mod- 
erately cool  or  in  very  warm  water,  and  he  therefore  has  a 
wider  geographical  range.  If  given  the  chance,  he  will  hang 
about  sunken  logs  in  rivers,  and  will  stick  to  the  reedy  parts 
of  lakes.  Although  seeming  to  this  extent  to  prefer  a  more 
sheltered  life  than  the  small-mouth,  he  is  more  aggressive  in 
his  feeding,  for  the  minnows  on  which  he  specializes  certainly 
require  more  active  pursuit  than  crawfish.  It  has  been  long 
the  fashion  to  rate  him  as  inferior  to  his  brother  in  gameness, 
but  sportsmen  well  acquainted  with  both  state  that  this  is  an 
illusion,  and  that  under  equal  conditions  he  is  just  as  good 
a  fighter. 
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The  spawning  processes  of  the  two  species  are  essentially 
similar,  and  their  domestic  life  is  much  more  elaborate  than 
is  found  in  any  other  of  the  game  fishes.  It  is  suggestive  of 
the  jewel  described  In  Chapter  VIII,  although  the  mating 
is  much  more  perfunctory,  and  the  care  of  the  young  is  not 
so  prolonged. 

Spawning  does  not  take  place  until  the  water  temperature 
rises  above  60  degrees.  The  season  therefore  varies  with  the 
latitude,  and  may  begin  as  early  as  March  in  the  south,  as 
late  as  June  in  the  north.  In  both  species  the  male  alone 
makes  a  nest.  The  small-mouth  chooses  a  sandy  or  gravelly 
bottom,  from  eighteen  inches  to  six  feet  deep,  on  which  he 
prepares  a  circular,  concave,  saucer-like  depression,  its  diam- 
eter about  twice  his  length,  with  sand  and  small  stones  in  a 
ring  around  the  edge,  larger  stones  in  the  center.  The  large- 
mouth  can  utilize  a  muddy  bottom,  where  he  sometimes 
makes  a  foundation  of  sticks  and  stones  cleaned  of  mud. 

Although  nests  may  be  quite  close  together,  each  male 
looks  upon  his  nest  as  his  own  very  private  property,  and 
allows  no  other  male  to  come  within  his  territory.  Fights 
among  the  males  occur,  especially  when  females  enter  dis- 
puted or  borderline  regions.  Having  provided  what  the 
female  wants — a  home — he  makes  no  effort  to  pursue  her, 
but  takes  up  his  post  there  and  waits  for  her  to  make  the 
advances.  When  she  enters  his  territory,  he  comes  out  to 
meet  her  with  raised  fins.  After  a  brief  courtship,  consisting 
of  advances  and  retreats,  they  begin  to  circle  inside  the  nest, 
she  laying  a  few  eggs  at  a  time,  he  fertilizing  them.  The 
minute  laying  is  over,  he  throws  her  out,  and  is  at  once  ready 
to  take  in  another  prospective  mother  and  do  what  is  neces- 
sary for  her.  As  many  as  three  females  have  been  known  to 
lay  in  one  nest  in  quick  succession.  A  two-pound  female 
contains  about  six  thousand  eggs,  and  although  it  is  probable 
that  all  of  these  are  not  deposited  at  one  time  nor  in  one 
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nest,  these  successive  marriages  build  up  quite  a  family.  Ten 
thousand  eggs  in  one  nest  is  not  unusual. 

The  hatching  period  is  short.  At  72  degrees  it  is  only  two 
days  J  at  66  degrees,  five  days.  During  this  time  the  male 
remains  on  guard,  driving  off  all  hungry  intruders,  and 
spending  much  time  over  the  nest,  which  he  fans  with  his 
fins.  The  resulting  current  of  water  presumably  aerates  the 
eggs  and  keeps  them  free  of  fungus,  parasites,  and  other 
microscopic  predators.  His  care  continues  until  the  yolk-sac 
is  absorbed,  which  takes  from  one  to  two  weeks  depending 
on  the  temperature,  but  as  soon  as  the  fry  begin  to  swim  he 
deserts  them.  Up  to  this  point  they  have  been  his  joy  and 
pride  and  the  darlings  of  his  heart,  but  from  now  on  he 
ceases  to  recognize  them.  They  are  just  little  fish,  and  all 
little  fish  are  good  to  eat.  Parental  instinct,  at  this  stage  in 
the  evolutionary  scale,  has  made  a  brave  beginning,  but  it 
lacks  endurance.  It  breaks  down  under  temptation. 

The  little  fish  are  now  over  half  an  inch  long.  They  live 
on  larvae  and  tiny  crustaceans.  By  autumn  they  have  reached 
a  length  of  from  two  to  six  or  even  eight  inches,  and  are 
eating  insects  and  the  fry  of  smaller  fish.  Within  a  year  the 
more  precocious  ones  may  attain  a  length  of  ten  inches,  but 
it  is  the  end  of  the  second  year  before  most  of  them  have 
reached  the  eight-  to  twelve-inch  range.  Under  highly 
favorable  conditions  they  mature  and  spawn  at  the  end  of 
the  first  year,  but  more  often  it  is  at  the  end  of  the  second, 
and  sometimes  of  the  third. 

What  we  have  described  above  is  the  family  life  of  the 
bass  when  all  goes  smoothly.  However,  aside  from  the  mis- 
haps and  mortalities  which  all  fish  are  subject  to,  there  are 
two  natural  phenomena  which  may  cause  disaster  to  the 
bass.  Roily  water  affects  the  eggs,  and  may  kill  them.  In 
this  case  the  father  builds  another  nest  and  begets  another 
family,  but  recurrence  or  continuance  of  the  condition  may 
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wipe  out  a  whole  season's  crop.  Chronically  roily  water  is 
therefore  unfavorable  for  bass,  but  even  otherwise  suitable 
water  may  be  roiled  by  freshets,  or — and  here  the  villain 
enters — ^by  other  animals.  The  carp,  that  unadmired  immi- 
grant from  China  via  Europe,  does  little  direct  harm  to 
game  fish.  His  babies  furnish  excellent  food  for  his  betters, 
and  there  is  no  evidence  that  he  is  guilty  of  feeding  on  their 
young.  He  is  largely  a  vegetarian,  but  it  is  in  this  very  fact, 
innocuous  as  it  seems,  that  he  causes  trouble,  for  in  his  search 
for  his  preferred  foods  he  is  continually  rooting  up  the  bot- 
tom and  roiling  the  water.  The  carp  can  in  this  way  be  a 
menace  to  the  bass. 

The  other  natural  disaster  which  can  overtake  the  bass 
family  is  a  sudden  lowering  of  the  temperature  after  the 
eggs  are  laid  and  before  they  hatch.  Under  these  conditions 
the  eggs  die,  and  father  knows  it  is  no  use,  and  abandons  his 
nest,  to  try  again  later  on.  This  sensitiveness  to  and  dislike 
of  cold  weather  extends  to  the  adults.  When  winter  comes 
and  temperatures  go  down,  they  go  down  with  them.  They 
burrow  into  the  mud,  or  pack  themselves  in  crowds  into 
crevices  in  the  rocks.  They  cease  to  move,  they  cease  to  eat. 
They  literally  spend  the  winter  In  hibernation — except  in 
Florida  and  in  certain  parts  of  California,  where  the  mild 
climate  keeps  the  large-mouth,  the  species  which  thrives  best 
in  these  regions,  active  and  eating  all  through  the  year,  and 
brings  him  sometimes  to  a  weight  of  over  twenty  pounds, 
as  compared  with  a  maximum  of  six  to  eight  in  less  favored 
regions. 

Further,  this  distaste  for  cold  weather  may  bring  on  a  fit 
of  sulks  at  any  season.  For  whenever  the  temperature  drops 
below  50  degrees  both  species,  according  to  reliable  authori- 
ties, sink  to  the  bottom  and  become  inactive.  At  such  times 
there  is  no  use  in  fishing  for  them.  If  this  is  true,  the  ther- 
mometer  should   be   an   indispensable   part   of   every   bass 
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fisherman's  equipment.  It  would  protect  him  against  waste 
time,  waste  effort,  and  unnecessary  disappointment.  For  when 
he  found  the  water  below  50  degrees,  he  could  with  a  clear 
conscience  take  down  his  rod  and  quit  work.^ 

MUSKELLUNGE 

This  fish  can  be  spelled  in  almost  any  way,  and  authority 
can  be  cited  to  back  the  choice.  The  above  form  is  used  here 
because  it  has  been  adopted  as  the  official  common  name  by 
a  committee  of  ichthyologists  appointed  for  the  purpose.  To 
me  it  has  always  seemed  that  maskinonge  was  the  most 
logical  spelling  from  both  the  practical  and  scientific  point 
of  view:  the  Indian  words  mas  kinonge  mean  "great  pike," 
and  the  scientific  name  of  the  fish  is  Esox  masquinongy.  The 
argument  in  favor  of  the  prettier  spelling  mascalonge  or 
maskallongey  based  on  the  theory  that  the  early  French  set- 
tlers called  the  fish  masque  allongee  ("long  face"),  is  un- 
convincing. Of  the  family  Esocidae  five  species  are  native  to 
this  country:  three  pickerels,  muskellunge,  and  pike.  The 
last-named,  strangely  enough,  occurs  in  Europe  also.  It 
seems  unlikely  that  the  voyageurs  would  have  called  our 
gigantic  relative  of  the  pike  by  any  other  than  the  latter's 
French  name,  brochet. 

The  family  is  a  primitive  one.  The  ventral  fins  are  well 
behind  the  pectorals,  the  fin  rays  are  all  soft,  the  scales 
are  cycloid,  and  the  air-bladder  has  a  connection  with  the 
gullet.  The  five  species  look  much  alike,  but  differ  in  size. 
There  are  also  more  exact  anatomical  distinctions.  In  the 
pickerels  the  opercle,  the  bony  plate  over  the  gills,  is  com- 

^  Certain  anglers  have  recently  reported  occasional  catches  of  large 
bass  in  winter.  They  advance  the  thought  that  it  is  only  the  smaller  bass 
which  hibernate  completely,  and  that  the  big  ones  do  have  feeding  periods 
throughout  the  cold  season.  To  what  extent  if  any  this  applies  to  brief 
cold  spells  which  occur  during  the  warm  season  is  not  known. 
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pletely  covered  with  scales,  as  is  also  the  whole  cheek  for- 
ward of  the  opercle.  In  the  pike,  the  cheek  retains  its  full 
quota  of  scales,  but  the  lower  half  of  the  opercle  is  devoid  of 
them.  In  the  muskellunge  only  the  upper  half  of  the  cheek 
retains  the  scales,  its  lower  half  being  scalelessj  authorities 
differ  as  to  whether  the  whole  of  the  opercle  is  scaleless,  or 
only  its  lower  half,  as  in  the  pike. 

The  muskellunge  lives  in  the  Saint  Lawrence  and  Great 
Lakes  regions.  It  spawns  from  the  time  ice  goes  out  until 
late  April  or  May.  One  female  may  produce  from  one  to 
three  hundred  thousand  eggs  in  the  course  of  a  season.  They 
hatch,  in  from  twelve  to  twenty  days  at  50  to  60  degrees,  into 
fry  one-quarter  to  one-half  inch  long.  At  first  they  feed  on 
larvae  such  as  the  "blood-worm,"  but  by  the  time  they  are 
five  weeks  old  and  two  inches  long  they  have  graduated  to 
small  minnow  fry.  They  have  a  tendency  to  creep  up  on  their 
victim,  curling  before  they  strike,  and  perhaps  it  is  this  slow- 
ness of  movement  which  accounts  for  their  very  high  mor- 
tality in  the  early  stages.  They  may  find  each  other  easier 
prey  than  minnows. 

At  one  year  they  average  8  inches,  two  years  16  inches, 
three  years  22  to  24  inches,  six  years  35  inches,  twelve  years 
48  inches — ^with  variations  depending  on  local  conditions. 
Sexual  maturity  comes  in  the  fifth  or  sixth  year.  The  maxi- 
mum age  recorded  is  twenty  years 5  maximum  weight,  no 
pounds.  The  adults  eat  fish,  frogs,  and  aquatic  mammals. 

The  hardiness  of  the  family  equals  that  of  its  distant  rela- 
tive, the  Alaska  blackfish,  described  in  an  earlier  chapter,  for 
a  well-known  and  highly  respected  fisherman  tells  of  catching 
pike  through  the  ice,  laying  them  aside  until  frozen  stiff,  and 
then  thawing  them  out  in  the  bathtub  at  home  until  they 
revived  and  splashed  about  lustily. 


CHAPTER    XI 

Fish  and  Fishermen 

FISH  have  little  interest  in  man  and  little  in  common  with 
him.  When  the  two  meet,  it  is  usually  man  who  has  made 
the  advances  which  bring  them  together.  The  old  adage, 
"  ^Dog  bites  man  is  not  news'  but  'Man  bites  dog  is  news,' " 
must  be  reversed  for  fish.  Men  bite  fish  millions  of  times  every 
day — in  fact,  in  some  islands  they  live  on  little  else — ^but 
when  a  fish  bites  a  man  it  calls  for  headlines. 

Man's  interest  in  fish  has  two  major  phases:  food  and 
sport.  Their  relative  importance  varies  between  individuals 
and  nations.  To  one  man,  fishing  may  be  an  insufferable 
bore,  while  to  his  brother  it  may  be  a  consuming  passion. 
To  a  nation  like  the  United  States,  where  food  is  so  abundant 
that  at  times  crops  are  plowed  under,  fish  as  a  form  of  nour- 
ishment is  relatively  unimportant.  To  a  nation  like  Japan, 
which  has  never  been  able  to  produce  within  its  own  boun- 
daries enough  to  feed  its  people,  fish  is  a  major  item  of  diet, 
and  the  oceans  have  been  studied  and  explored  and  ex- 
ploited to  keep  the  nation  from  starving.  Since  fish  are  not 
equally  distributed  throughout  the  length  and  breadth  and 
depth  of  the  seas,  but  are  concentrated  in  the  comparatively 
shallow  waters  around  the  margins  of  the  continents,  Japa- 
nese fishermen  have  been  led  far  from  home  in  their  quest, 
and  have  in  the  past  invaded  such  areas  as  the  salmon  fish- 
eries of  Siberia  and  Alaska,  thus  adding  to  the  frictions 
which  sometimes  lead  to  wars. 
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FOOD  FISH 


The  great  bulk  of  food  fish  comes  from  salt  water.  There 
are  to  be  sure  fresh-water  food  fisheries,  but  their  total  pro- 
duction is  comparatively  small.  Vast  stores  of  nourishment 
exist  in  the  ocean  which  are  available  to  us  only  in  the  form 
of  fish  and  which  we  have  never  learned  to  utilize  in  any 
other  way,  as  we  have  learned  to  utilize  the  nutritional  re- 
sources of  the  soil  through  agriculture.  We  are  completely 
dependent  upon  fish  to  go  out  and  collect  this  nourishment 
and  concentrate  it  in  bodies  large  enough  for  us  to  capture 
and  consume.  If  there  were  no  fish,  it  would  be*  lost  to  us. 
Even  with  their  help,  there  is  much  loss,  for  many  forms  of 
fish  life  cannot  be  reached,  others  are  inedible,  and  still 
others,  while  edible,  are  not  considered  marketable.  This  is 
especially  true  in  the  United  States,  where  fish  which  would 
be  eaten  in  other  parts  of  the  world  are  discarded  when  taken 
in  the  nets.  The  little  puffer,  or  blow-fish,  which  swells  up 
like  a  balloon  when  disturbed,  belongs  to  a  group  many  of 
whose  members  are  poisonous.  Until  recently  it  was  tossed 
out  when  found  in  the  nets.  Now  it  has  been  discovered  that 
it  is  a  great  delicacy,  and  it  is  much  in  demand  in  the  markets 
of  New  York  and  Boston. 

Once  in  a  while  a  hitherto  unheard  of  species  is  revealed 
by  nature  and  offered  for  man's  edification.  The  tilefish, 
spectacularly  hued  in  brilliant  reds*  and  golds  and  reaching 
a  weight  as  high  as  fifty  pounds,  had  never  been  seen  by 
human  eyes  until  encountered  in  1879  by  a  fisherman  at  a 
depth  of  a  hundred  fathoms  on  a  previously  unexplored  bank 
south  of  Nantucket.  Brought  into  the  Boston  market,  it 
proved  highly  edible  and  marketable.  Found  in  abundance 
near  the  coast,  it  was  soon  being  caught  in  large  numbers,  to 
the  profit  of  fishermen,  fish  markets,  and  consumers.  Three 
years  later,  with  all  the  drama  of  a  major  catastrophe,  a 
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storm  of  gale  intensity  swept  out  across  the  sea  and  in  its 
wake  dead  tilefish  were  scattered  at  the  surface  over  an  area 
170  miles  long  by  twenty-five  miles  wide.  It  was  estimated 
by  careful  observers  that  they  numbered  no  less  than  one 
billion,  four  hundred  million.  Scientists  believed  that  it  was 
not  the  storm  which  killed  the  fish,  but  a  "straying"  move- 
ment of  the  Gulf  Stream  in  which  it  shifted  its  course  to  the 
eastward,  and  allowed  the  bottom  where  the  tilefish  had  lived 
in  the  warmth  of  its  current  to  be  invaded  by  chill  waters. 
This  "cold  wave"  was  lethal  to  the  tilefish.  Although  com- 
plete and  total  extinction  was  believed  unlikely,  no  tilefish 
were  seen  for  years.  Then  gradually  the  Gulf  Stream  moved 
back  to  its  former  course  and  they  began  to  be  found  again. 
By  1 9 1 5  they  were  considered  to  be  as  abundant  as  ever,  and 
in  1937,  one  of  the  last  good  pre-war  years,  three  million 
pounds  were  caught  valued  at  one  hundred  thousand  dollars. 

Other  examples  of  "natural"  destruction  of  a  fish  which 
man  looked  upon  as  his  property  are  not  unknown,  the  most 
recent  being  the  Great  Lakes  smelt,  which  has  almost  dis- 
appeared due  to  what  is  believed  to  be  a  virus  disease. 
However,  in  many  cases  not  nature,  but  man,  is  the  villain. 
Over-exploitation  by  man,  "over  fishing,"  is  believed  to  be 
at  least  one  of  the  factors  in  the  extreme  fluctuations  of 
the  populations  of  such  species  as  the  menhaden,  the  halibut, 
and  the  sardine.  Whoever  or  whatever  is  to  blame,  severe 
reduction  in  numbers  of  any  important  fish  means  that  a 
certain  amount  of  the  nourishing  elements  of  the  sea  which 
it  formerly  turned  into  food  for  human  beings  is  no  longer 
being  utilized,  or  is  being  utilized  by  forms  which  we  can- 
not catch  or  do  not  find  edible. 

To  study  such  problems  and  the  methods  whereby  fish 
populations  can  be  maintained  in  a  state  of  utility  to  the 
human  race  is  one  of  the  fields  of  endeavor  of  a  compara- 
tively young  science  called  fisheries  biology.  The  "maximum 
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sustained  yield"  is  the  ideal  sought.  If  a  species  is  fished  too 
heavily,  too  many  mature  fish  will  be  removed  and  too  few 
will  be  left  to  reproduce  sufficient  young  to  maintain  the 
population.  The  numbers  will  decrease  until  not  enough  re- 
main to  make  fishing  worth-while,  and  the  species  will  no 
longer  contribute  to  the  well-being  of  humanity.  Eventually, 
if  left  alone,  nature  will  in  most  cases  restore  the  numbers 
to  the  point  where  it  can  again  be  utilized,  but  for  a  time  it 
will  be  out  of  the  game.  On  the  other  hand,  it  is  conceivable 
that  a  species  may  be  so  lightly  fished  that  a  great  many  of 
the  individuals  die  of  old  age  or  other  "natural"  causes 
(meaning  almost  any  form  of  death  not  brought  about  by 
man).  This,  from  the  human  point  of  view,  is  undesirable 
waste. 

The  "maximum  sustained  yield"  concept  is  complicated  in 
detail  and  in  practice,  but  in  theory  it  is  simply  that  for  each 
kind  of  fish  there  is  a  surplus  produced  over  and  above 
that  needed  to  maintain  the  population  at  an  optimum  level, 
and  that  that  surplus,  no  more  and  no  less,  is  the  number 
which  should  be  taken  by  fishing.  To  determine  the  maxi- 
mum sustained  yield  is  a  highly  difficult  problem,  involving 
the  study  of,  among  other  things,  life  history  and  numbers 
caught.  Once  an  estimate  of  the  maximum  sustained  yield 
has  been  made,  it  is  an  equally  difficult  problem  to  evolve 
methods  whereby  the  catch  may  be  held  at  the  desired 
number  and  to  put  those  methods  into  practice. 

The  halibut  fishery  of  the  Pacific  Northwest  is  a  classic 
example  of  the  realization  of  these  objectives.  Years  of  poor 
catches  had  brought  the  fishermen  to  such  a  state  of  despair 
that  they  asked  for  an  investigation  to  see  if  any  remedy 
could  be  devised.  The  resulting  program  of  research  included 
continuation  of  the  life  history  studies  which  had  already 
been  made  of  this  large,  long-lived  fish,  and  analysis  of  the 
log-records  of  their  catches  which  many  fishermen  had  for- 
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tunately  kept  for  years.  It  solved  the  "maximum  sustained 
yield"  problem  to  an  extent  at  least  sufficient  for  practical 
purposes.  The  next  step  was  to  formulate  regulations  in  keep- 
ing with  the  findings.  And  the  third  step  was  to  enforce  them 
— particularly  difficult  in  this  case  because  the  fishery  was 
carried  on  by  citizens  of  both  the  United  States  and  Canada 
and  in  waters  belonging  to  both  countries.  However,  a  com- 
mission was  set  up,  regulations  were  promulgated,  the  fisher- 
men had  the  good  sense  to  give  them  a  fair  trial,  and  the 
result  is  that  more  halibut  are  landed  now  with  less  fishing 
effort  and  therefore  with  more  profit  than  ever  before. 

One  small  detail  in  the  story  of  the  halibut  deserves  high- 
lighting: it  was  only  when  conditions  became  desperate  that 
the  fishermen  were  willing  to  accept  the  results  of  biological 
investigation.  This  is  often  the  case.  Fishermen  are  human. 
As  long  as  they  make  money,  they  react  with  a  violent  nega- 
tive to  any  suggestion  of  regulation.  When  they  cease  to 
make  money,  they  want  help. 

The  Pacific  sardine  industry  has  now  reached  this  stage, 
after  a  history  that  can  be  called  truly  spectacular.  Practically 
unknown  in  1900,  the  Pacific  sardine  came  to  the  fore  during 
the  food  shortages  of  the  First  World  War.  By  1920  pro- 
duction had  reached  one  hundred  thousand  tons  (two  hun- 
dred million  pounds),  and  the  canneries  could  not  come  near 
to  using  all  the  fish  which  the  fishermen  could  bring  in. 
Transformation  of  the  excess  into  sardine  meal  solved  that 
problem,  and  the  catch  continued  to  increase  until  by  1937 
it  had  reached  eight  hundred  thousand  tons — the  biggest  in 
the  whole  of  the  western  hemisphere. 

All  this  time  the  fishery  biologists — without  the  blessing  of 
the  industry — were  working  on  the  case.  They  studied  scales 
and  found  that  the  sardine  had  a  maximum  life  span  of  at 
least  fifteen  years  (surprisingly  long  for  so  small  and  abun- 
dant a  creature)  j  that  it  began  to  spawn  at  three  years;  and 
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that  while  in  the  early  twenties  the  catch  had  been  composed 
mostly  of  ten-year-old  fish,  in  later  years  it  was  made  up 
largely  of  three-  and  four-year-olds.  They  caught  sardines  at 
sea,  made  incisions  in  their  bellies,  and  inserted  numbered 
metal  tags.  Some  of  the  fish  died  as  a  result  and  some  of  the 
tags  came  out,  but  enough  remained  in  and  were  recov- 
ered from  recaptured  fish  by  electro-magnets  in  the  cannery 
processing  lines  to  give  information  on  the  migrations  of 
the  species  and  on  the  rate  at  which  the  industry  was  remov- 
ing its  stock  in  trade.  The  biologists  also  found  that  there 
were  large  year-classes  and  small  year-classes — that  in  some 
years,  due  to  natural  conditions  which  have  not  yet  been 
identified,  spawning  was  phenomenally  successful,  and  enor- 
mous numbers  of  young  fish  began  to  grow  up  on  their 
way  to  the  cannery;  while  in  other  years  spawning  was  poor 
and  the  young  were  few. 

All  this  time  the  biologists  were  issuing  words  of  warn- 
ing which,  as  the  catch  continued  to  rise,  went  unheeded. 
But  1937,  with  its  eight  hundred  thousand  tons,  was  the 
peak.  The  curve  turned  down;  in  the  1947- 1948  season  the 
catch  did  little  more  than  equal  the  one  hundred  thousand 
tons  taken  in  1920.  And,  while  one  hundred  thousand  tons 
was  highly  satisfactory  then,  it  is  not  sufficient  to  satisfy  the 
greatly  increased  numbers  of  men,  fishing  craft,  and  plants 
existing  in  1948.  The  call  for  help  has  gone  out.  Because  the 
investigations  were  begun  years  before  they  were  asked  for, 
the  material  for  help  is  at  hand;  otherwise,  it  would  take 
years  to  assemble.  The  trouble  is  believed  to  be  a  combina- 
tion of  over-fishing  and  a  succession  of  poor  year-classes. 
Poor  catches  will  discourage  fishing  and  thus  relieve  the 
over-fishing;  nature  will  sooner  or  later  produce  a  good  year- 
class;  and  the  sardine  fishery  can  probably  stabilize  at  some- 
thing less  than  half  of  its  peak.  This  will  mean  fewer 
canneries  and  fewer  fishermen,  but  with  a  stable  living,  as 
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compared  to  the  ruination  which  faces  the  large  number  of 
canneries  and  fishermen  under  conditions  as  they  exist  now. 
What  regulations  can  be  devised  to  bring  this  about  is  the 
question. 

One  fishery  where  regulation  can  be  carried  out  without 
difficulty  along  whatever  lines  are  indicated  as  best  for  the 
long-range  interests  of  both  the  fish  and  the  fishermen  is  the 
Alaska  salmon.  Alaska  being  a  territory,  federal  agencies 
have  complete  control  and  have  been  able  to  carry  out  their 
program  of  providing  for  an  "escapement"  of  fish  to  the 
spawning-beds  equal  in  numbers  to  the  catch.  For  years  they 
accomplished  this  by  actually  counting  the  fish  through 
weirs.  With  the  information  obtained  in  this  way  on  the 
sizes  and  times  of  the  spawning  runs  they  have  recently 
been  able  to  regulate  the  escapement  by  closed  seasons,  with 
continuing  counts  at  but  a  few  points  to  provide  a  check  on 
the  success  of  this  method. 

The  salmons  are  among  the  most  valuable  of  fishes,  and 
at  the  same  time  the  most  vulnerable.  Their  value  on  the 
market  in  dollars  and  cents  is  high,  but  even  higher  is  the 
value  of  their  habit  of  life,  for  they  go  out  into  the  ocean, 
spend  years  there  collecting  its  nutrient  elements,  and  then 
bring  back  all  that  nourishment  in  concentrated  form  and 
deposit  it  at  our  very  front  doors.  No  plowing,  no  plant- 
ing, no  cultivating  is  necessary  j  not  even  a  sea  voyage  to 
seek  out  and  harvest  the  crop,  as  in  the  case  of  other  fishes. 
The  fact  that  many  salmon  are  caught  at  sea  does  not  invali- 
date the  last  statement.  There  can  be  no  doubt  that  the  most 
efficient  way  to  harvest  the  salmon  crop  would  be  to  carry 
on  all  fishing  at  the  mouths  of  rivers,  take  the  "maximum 
sustained  yield"  at  these  points  in  the  shortest  possible  time, 
and  allow  the  necessary  spawning  escapement.  Such  a  scheme 
could  be  put  into  effect  only  in  a  fully  regimented  society. 
That  much  salmon  fishing  is  now  carried  on  in  other  and 
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less  efficient  ways  is  a  necessary  concomitant  of  democracy 
and  a  free  competitive  system;  it  is  the  price  we  gladly  pay 
for  our  freedom  from  regimentation. 

This  life  habit  which  makes  the  salmon  so  valuable  is  also 
what  makes  it  so  vulnerable.  No  widely  distributed  marine 
species  could  conceivably  be  exterminated  by  man,  even 
though  he  be  admittedly  the  most  dangerous  predatory  ani- 
mal that  has  appeared  in  the  whole  history  of  evolution. 
But  destruction  of  the  salmon  by  him  is  not  only  conceiv- 
able, but  seems  at  times  probable.  For  the  salmon  must 
come  up  the  streams  to  reproduce,  and  man  makes  this  ever 
more  difficult.  Pollution  has  played  an  important  part  in  the 
past,  particularly  on  the  Atlantic  seaboard:  rivers  in  which 
Salfno  salar  used  to  spawn  and  be  captured  in  apparently 
inexhaustible  numbers  have  been  rendered  unfit  for  all  fish 
life  and  salar  has  vanished  from  them.  The  dangers  of  pol- 
lution and  means  for  its  control  have  now  been  established, 
and  it  can  and  should  cease  to  be  an  exterminator  of  salmon 
runs.  The  major  threat  at  present  lies  in  man's  desire  to  take 
water  out  of  rivers  for  purposes  of  his  own,  principally  for 
irrigation  and  power.  To  do  this,  he  must  build  high  dams 
and  in  some  cases  leave  long  stretches  of  river  bed  below 
them  with  little  or  no  water  j  either  or  both  of  these  exploits 
impede  the  salmon's  efforts  to  reach  the  spawning  areas. 

In  the  early  days,  when  the  country  was  new,  there  were 
many  localities  where  irrigation  and  power  projects  could 
be  constructed  with  much  benefit  and  with  very  little  damage. 
Governmental  agencies  were  created  and  given  money  to  carry 
on  these  works.  As  time  went  on  the  favorable  locations  be- 
came fewer,  but  the  governmental  agencies  did  not.  Their  job 
was  to  build  dams,  and  if  no  dams  were  planned  they  ceased 
to  exist.  The  incentive  has  inevitably  been  for  all  such  agen- 
cies to  comb  the  country  for  locations  which  might  possibly 
serve  as  dam  sites  and  to  count  heavily  on  the  support  of  the 
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local  interests  which  profit  from  dam  construction  no  mat- 
ter what  the  over-all  effect.  That  many  of  these  projects  have 
unquestioned  merit  in  no  way  gainsays  the  truth  of  this  state- 
ment. If,  in  the  future,  man  learns  to  harness  atomic  power 
to  domestic  and  industrial  machinery,  water  will  no  longer 
be  needed  for  hydroelectric  plants  j  and  if  he  learns  to  do 
what  the  simplest  blade  of  grass  can,  namely,  to  produce  the 
chlorophyl  in  whose  presence  carbon  dioxide  and  water  react 
to  form  food,  water  will  no  longer  be  needed  for  irrigation. 
Man's  only  need  for  water  will  then  be  to  drink  and  to  wash 
with,  the  dam-building  agencies  will  presumably  cease  to 
exist,  and  the  atomic  and  chlorophyl  agencies  which  succeed 
them  will  probably  not  interfere  with  the  habits  of  the 
salmon — if  by  that  time  any  are  left. 

In  the  early  days  the  dam-building  agencies  paid  little 
attention  to  fish,  and  their  work  at  times  resulted  in  the 
large-scale  destruction  of  creatures  which  another  set  of  agen- 
cies was  hard  at  work  trying  to  conserve.  All  this  has  now 
been  changed.  The  dam-builders  are  now  required  by  law 
to  consult  with  the  fish-conservers  and  to  include  in  their 
projects  in  so  far  as  practicable  the  fish-saving  measures  rec- 
ommended by  the  latter.  One  of  the  first  and  most  widely 
publicized  of  these  co-operative  labors  was  the  Bonneville 
Dam.  This  barrier  lies  140  miles  from  the  mouth  of  the 
Columbia,  but  above  it  the  river  stretches  its  winding  chan- 
nel back  into  the  continent  for  1,100  miles  more,  partly  in 
the  United  States  and  partly  in  Canada,  and  it  is  in  the 
waters  above  the  dam  site  that  the  major  part  of  the  im- 
mensely valuable  salmon  run  finds  its  spawning-beds.  Not 
only  do  greater  numbers  go  above  the  dam,  but  individual 
fish  in  this  part  of  the  run  are  commercially  more  valuable 
because,  having  the  furthest  distance  to  go  to  the  spawning 
grounds,  they  run  earlier  and  carry  a  much  larger  reserve  of 
fat  than  those  which  spawn  near  the  sea.  That  means  could 
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be  provided  for  these  multitudes  of  fish  to  rise  sixty-five 
feet  from  the  level  below  to  the  level  above  the  dam,  and 
for  the  resulting  offspring  to  get  safely  back  to  the  ocean, 
was  gravely  doubted  by  many  people.  To  the  men  charged 
with  carrying  on  the  work,  there  was  little  alternative  5  they 
had  to  accept  the  gamble  and  to  do  everything  conceivable 
to  win. 

They  prepared  a  project  which  called  for  the  expenditure 
of  over  six  million  dollars,  along  with  the  corresponding 
man-hours  of  brain-work  to  make  the  plans  and  of  muscular 
work  to  carry  them  out.  They  placed  their  main  reliance  in 
two  gigantic  fish  ladders  sweeping  down  from  the  top  of  the 
dam  in  impressive  curves  like  the  imperial  stairway  of  the 
Fontainebleau  Palace.  Each  pool  in  these  ladders  was  forty 
feet  wide  by  sixteen  feet  long  by  six  feet  deep,  and  only  one 
foot  higher  than  the  pool  below  it.  A  one- foot  jump  is 
nothing  for  a  salmon,  especially  with  deep  water  and  a  long 
run  to  give  it  a  take-off  j  the  record  leap  is  over  eleven 
feet  J  but,  to  make  it  easier,  submerged  openings  from  one 
pool  to  the  next  were  provided  so  that  the  fish  could  make  the 
entire  ascent  under  water  if  they  preferred.  To  supplement 
the  ladders,  elevators  with  twenty  by  thirty  foot  shafts  were 
built,  into  which  fish  would  be  attracted  by  outflowing  water 
currents  at  the  bottom  for  a  free  ride  to  the  top. 

By  May  of  1938,  when  the  sluice  gates  through  which 
the  fish  had  been  moving  during  construction  were  closed, 
everything  which  the  best  engineers  and  fisheries  experts 
could  think  of  to  ensure  passage  of  the  salmon  over  the  dam 
had  been  done,  but  no  one  could  guarantee  success.  The  fish 
ladders  were  certainly  perfect  from  the  physical  point  of 
view,  but  would  the  fish  enter  them,  or  the  elevators?  Would 
they  follow  the  currents  flowing  from  these  sources,  or  would 
they  prefer  the  tailraces  from  the  turbines  and  sit  down  in 
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front  of  these  blind  alleys  and  stay  there  until  they  rotted, 
and  all  their  unborn  children  rotted  with  them? 

Only  time  could  give  the  answer,  and  to  make  sure  that 
the  true  answer  was  obtained  a  long-range  counting  program 
was  immediately  started.  Picket  barriers  were  set  up  in  each 
fishway  with  gate-controlled  openings  two  feet  wide  and  sub- 
merged platforms  over  which  the  fish  pass  (Plate  VI).  It  be- 
ing known  that  upstream  spawning  migrants  move  very  little 
at  night,  the  gates  were  kept  open  only  during  the  daytime 
when  observers  were  on  duty  to  count  and  identify  the  fish. 
Each  observer  had  tg  be  provided  with  a  battery  of  tallies, 
for  in  addition  to  the  various  salmons  and  the  steelhead 
trout,  it  was  found  that  large  numbers  of  suckers,  squawfish, 
and  lampreys  were  using  the  ladders,  as  well  as  smaller 
numbers  of  carp,  shad,  sturgeon,  various  minnows,  and  even 
a  few  black  bass  and  crappies.  As  may  be  imagined,  this 
counting  work  requires  a  quick  eye  and  mind  and  agile  hands, 
for  as  many  as  4,300  fish  have  been  recorded  up  one  ladder  in 
one  hour.  The  mental  strain  involved  is  shown  by  the  fact 
that  the  workers — mostly  women,  who  have  proved  better  at 
the  job  than  men — only  work  forty-five  minutes  out  of  every 
hour,  with  a  fifteen-minute  rest  period.  Intensive  advance 
training  is  necessary,  and  to  help  the  newcomers  learn  the 
different  species  and  at  the  same  time  to  provide  means  of 
examining  doubtful  specimens,  devices  have  been  installed 
which  can  stop  any  fish  at  any  time  and  bring  it  up  to  the 
surface  for  examination. 

When  the  end  of  the  first  season  came  it  was  found  that 
some  470,000  salmonid  fish  had  passed  up  through  the  ladders, 
and  this  did  not  include  the  spring  salmon  run  and  some  of 
the  steelhead  which  migrated  before  the  dam  began  to  act  as 
a  barrier.  It  was  found  that  the  fish  passed  upstream  with  no 
significant  delay  and  that  most  of  them  used  the  submerged 
openings  instead  of  making  the  jumps.  And,  since  the  lad- 
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ders  had  been  so  outstandingly  successful,  it  was  found  un- 
necessary to  use  the  elevators,  and  they  never  have  been 
used  except  experimentally. 

The  planners  began  to  breathe  more  easily.  The  ladders 
had  done  all  that  they  had  hoped  in  passing  the  spawners 
upstream,  but  would  the  little  fish  be  able  to  return  success- 
fully to  the  ocean?  If  they  did  not,  then  the  whole  project 
was  a  failure.  Would  they  find  their  way  down  through  the 
backwaters,  reaching  forty-five  miles  upstream,  with  only  a 
very  weak  current  to  guide  them?  Would  they  safely  nego- 
tiate the  dam?  Bypasses  had  been  provided  to  carry  them 
down,  but  the  flow  of  water  through  these  was  infinitesimal 
compared  to  that  which  went  over  the  spillway  and  through 
the  turbines.  If  they  entered  the  turbine  headgates,  what 
would  happen  to  them?  The  runners  are  twenty-three  feet 
in  diameter,  with  a  minimum  opening  of  one  foot  between 
the  blades,  and  revolve  only  seventy-five  times  per  minute. 
Would  the  hope  that  the  little  fish  could  go  through  them 
unharmed  prove  well-founded? 

Again  only  time  could  tell.  Fish  going  upstream  the  first 
season  were  the  offspring  of  generations  that  had  spawned 
above  Bonneville  unhindered  by  any  dam.  But  by  the  end 
of  the  fourth  year,  practically  all  the  upstream  migrants 
would  have  to  be  descendants  of  fish  that  had  succeeded  in 
passing  over  the  dam  in  both  directions.  How  would  their 
numbers  compare  with  the  earlier  years? 

Ten  seasons  have  now  elapsed  since  the  dam  was  com- 
pleted. Ten  counts  have  been  made.  There  have  been  fluc- 
tuations, and  some  years,  when  the  counts  were  low,  the 
situation  has  looked  ominous.  But  the  latest  available  figures, 
those  for  1947,  show  over  787,0(X)  salmonid  fishes  passing 
up  over  the  dam  on  their  way  to  spawn,  a  greater  number 
than  has  ever  been  recorded  before.  In  the  face  of  those  fig- 
ures there  can  be  no  further  doubt:  not  only  do  the  spawners 
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succeed  in  passing  up  over  the  dam,  but  the  young  succeed 
in  reaching  the  ocean.  We  can  have  both  a  Bonneville  Dam 
and  a  salmon  fishery  on  the  Columbia  River. 

Whether  we  can  have  the  salmon  fishery  as  well  as  the 
other  dams  which  are  scheduled  for  the  Columbia  is  another 
question.  One  of  these,  Grand  Coulee,  already  constructed 
some  600  miles  from  the  mouth,  is  550  feet  high — far 
beyond  the  limits  practicable  for  fish  ladders  as  well  as  for 
the  safe  passage  of  young  fish  returning  to  the  ocean.  Solu- 
tion of  this  problem  has  centered  around  the  transfer  of  the 
runs  by  trapping  the  adults  and  either  allowing  them  to 
spawn  naturally  in  streams  tributary  below  the  dam,  or 
spawning  them  artificially  in  hatcheries  and  planting  the 
offspring  in  such  waters.  The  program  has  been  under  way 
long  enough  to  show  that  new  generations  of  salmon  are 
coming  back  to  these  "adopted-home"  streams,  but  not  in 
as  large  numbers  as  had  been  anticipated.  Eleven  dams  in  all 
are  proposed  for  the  main  stem  of  the  Columbia,  entirely 
aside  from  projects  for  its  tributaries.  When  these  eleven  are 
completed,  all  but  eighty- four  feet  of  the  total  drop  of  1,288 
feet  below  the  Canadian  boundary  will  have  been  utilized 
for  power  developments.  The  river  will  be  a  series  of  dams, 
with  the  backwaters  reaching  from  the  crest  of  one  to  the 
toe  of  the  next.  Will  the  current  in  these  lakes  be  strong 
enough  to  guide  the  spawners  up  and  the  ocean-bound  young 
down?  And  what  about  the  spawning  areas  submerged  by 
these  impoundments? 

The  problem  at  Bonneville  was  a  great  one  because  of  the 
magnitude  of  the  river  and  the  magnitude  of  the  runs  of 
spawning  fish,  but  it  was  free  of  two  major  complications 
which  exist  on  many  of  our  other  salmon  streams.  At  Bonne- 
ville the  whole  river  passed  either  over  the  dam  or  through 
the  turbines.  There  were  no  irrigation  diversions  and  no  im- 
poundment of  water.  Frequently  conditions  are  less  favorable. 
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In  the  San  Joaquin  River  unit  of  California's  Central  Valley 
Project,  to  take  an  outstanding  example,  so  much  of  the 
water  is  withheld  from  the  natural  channel  for  these  two 
purposes  that  it  becomes  dangerously  low  and  as  a  result 
dangerously  warm.  Furthermore  the  young  fish  tend  to  fol- 
low the  main  flow,  which  leads  them  out  into  the  diversion 
canals  and  eventually  to  the  farmers'  fields.  Fish  screens  to 
prevent  just  such  mishaps  were  invented  long  ago  and  have 
been  in  use  for  years.  Cylinders  of  fine  wire  mesh  which  re- 
volve in  such  a  manner  as  to  pass  debris  over  the  top,  let  the 
water  through,  and  hold  the  fish,  can  be  built,  but  on  large 
diversions  they  are  extremely  costly  to  install  and  to  main- 
tain. Electrical  "screens"  can  be  built,  devices  which  produce 
a  shock  strong  enough  to  repel  fish  without  killing  themj 
but  when  little  fish  are  seized  with  the  desire  to  go  to  sea 
they  are  apt  to  keep  making  attempts  at  such  a  screen  until 
they  become  paralyzed,  so  that  they  drift  with  the  current 
through  the  electric  field  and  into  the  diversion  ditch. 
Supersonics  have  yet  to  be  tried.  Maybe  these  high-frequency 
waves,  which  are  said  to  induce  in  human  beings  almost  un- 
bearable discomfort  and  fear,  will  have  a  more  powerful 
effect  on  the  fish  than  the  call  of  the  sea. 

Whatever  the  type  of  "screen"  and  however  effective  it 
may  be,  an  indispensable  requisite  is  a  place  for  fish  to  go 
other  than  through  the  screen — a  flow  of  water  leading 
toward  safety  and  a  life  in  the  ocean  rather  than  toward 
danger  and  a  death  in  the  alfalfa  fields.  Even  when  an  alter- 
nate path  is  provided  the  little  fish  may  accumulate  in  front 
of  the  screen  if  most  of  the  water  is  flowing  through  it.  To 
overcome  this  attraction  of  the  major  current  and  to  guide 
them  to  where  they  should  go  even  though  it  be  a  compara- 
tive trickle,  moving  lights  are  being  tried.  While  this  may 
sound  at  first  like  the  product  of  an  unbalanced  mind,  It  is 
based  on  the  following  reasoning: 


236  The  Life  Story  of  the  Fish 

All  fish  tend  to  be  attracted  by  lights  at  night.  Downstream 
migrant  salmon,  unlike  the  upstream  spawners,  travel  mostly 
at  night.  If  a  screen  be  placed  in  the  mouth  of  a  canal 
diverting  water  out  of  a  river,  and  lights  move  along  its 
face  in  the  direction  of  the  flow  in  the  natural  channel,  the 
little  fish  should  follow  in  the  same  direction  and  get  a  start 
on  the  proper  path.  This  scheme  has  not  yet  progressed 
beyond  the  experimental  stage  j  whether  it  will  be  a  real 
contribution  to  the  preservation  of  the  salmon  remains  to  be 
determined. 

It  must  not  be  thought  that  all  dams  are  harmful  to  all 
fish  in  all  ways.  Where  no  anadromous  species  are  involved 
the  effects  may  be  largely  beneficial.  Even  to  the  salmon 
benefits  have  accrued  in  some  cases,  as  at  the  Shasta  Dam 
on  the  Sacramento  River.  Before  the  dam  was  built  none  of 
them  spawned  below  its  present  site  because  the  section  was 
too  warm;  they  merely  passed  through  it  on  their  way  to 
more  suitable  areas  further  up.  Now,  chill  waters  from 
the  depths  of  Shasta  Reservoir  flow  through  the  channel 
below  and  have  turned  it  into  an  excellent  spawning  area 
where  many  salmon  breed  successfully.  However,  the  bene- 
fit here  is  no  more  than  an  offset  to  some  of  the  damage 
caused  by  the  dam;  it  is  too  high  for  a  fish  ladder,  and  it  cuts 
the  fish  off  from  the  spawning-beds  above  it  which  they  used 
to  use.  Furthermore,  when  the  project  is  in  full  operation 
the  reservoir  surface  will  in  dry  years  be  very  near  the  bot- 
tom, and  there  will  be  no  cool  depths  from  which  to  draw 
water. 

Why  is  there  this  struggle  to  preserve  the  salmon's  spawn- 
ing-beds when  it  is  so  easy  to  strip  eggs  from  ripe  females, 
fertilize  them  with  milt  from  the  males,  and  produce  little 
salmon  in  hatcheries?  The  answer  is  that  while  it  is  easy  in 
theory  and  with  small  numbers,  it  is  not  easy  in  practice  and 
with  large  numbers.  When  they  first  enter  fresh  water  the 
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salmon  are  in  most  cases  not  ready  to  spawn;  they  seek 
"resting"  spots  where  they  can  remain  quietly  until  the  sex 
products  ripen.  Resting  spots  must  have  cool,  unpolluted, 
well-oxygenated  water.  Spots  where  large  numbers  of  fish 
can  be  held  artificially  without  high  mortality  are  extremely 
hard  to  find.  If  that  difficulty  can  be  overcome,  there  remains 
the  matter  of  cost.  The  number  of  eggs  necessary  to  produce 
the  number  of  salmonids  which  run  annually  up  the  Colum- 
bia River  comes  nearer  to  being  expressed  in  billions  than  in 
millions.  If  to  the  expense  of  building  the  hatcheries  we  add 
the  annual  outlays  for  handling  the  products,  the  cost  of 
maintaining  such  a  run  year  in  and  year  out  by  means  of 
hatcheries  alone  is  prohibitive — even  if  it  can  be  done,  which 
has  never  yet  been  proved.  The  federal  government  built 
many  salmon  hatcheries  in  Alaska.  They  have  all  been 
closed. 

SPORT  FISH 

The  greatest  of  all  the  sport  fishes  are  the  large  marine 
species — the  swordfishes,  the  tunas,  the  sailfish,  the  tarpon. 
About  these  man  can  do  little  except  to  catch  them,  and  his 
pursuit  of  them  in  sport  is  comparatively  innocent  and  has 
but  an  insignificant  effect  upon  their  populations.  It  is  the 
fresh-water  game  fishes  which  can  be  most  affected  by  his 
actions,  either  for  or  against,  and  of  these  the  various  trouts 
and  the  black  basses  and  their  relatives  are  the  most  wide- 
spread and  the  most  popular. 

The  trout  is  more  susceptible  of  manipulation  by  man  than 
any  other  fish.  With  almost  equal  ease  he  can  destroy  or  he 
can  create  whole  populations.  The  philosophy  of  his  dealings 
with  trout  has,  in  this  country,  passed  through  three  distinct 
phases.  First  came  the  phase  of  introductions.  The  last  half 
of  the  nineteenth  century  saw  man  indulging  in  a  passion 
for  meddling  with  nature,  for  transplanting  animals  from 
parts  of  the  world  where  they  had  evolved  to  other  parts 
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where  they  were  unknown.  It  took  him  some  time  to  realize 
how  dangerous  this  might  be,  to  learn  that  a  species  which 
in  one  place  had  proved  beneficial  (to  man)  might  go  out  of 
control  in  another  place  where  the  natural  checks  on  its 
numbers  were  missing.  The  present  unpopularity  of  the  carp, 
which  was  brought  into  North  America  with  such  enthusiasm, 
attests  the  damage  which  can  be  done  and  the  difficulty  of 
undoing  it. 

Fortunately,  trout  introductions  have  done  very  little 
harm  and  considerable  good.  These  fish  have  been  found  to 
be  among  the  easiest  of  all  animals  to  transplant  because  they 
can  be  shipped  almost  any  distance  in  the  form  of  "eyed" 
eggs — eggs  which  have  developed  to  the  point  where  the 
eyes  of  the  embryo  show  as  black  dots  through  the  envelop- 
ing membrane.  At  this  stage  they  are  very  hardy  and  do  not 
need  to  be  in  water.  Packed  in  damp  moss,  they  will  survive 
for  weeks.  For  journeys  of  very  long  duration,  advantage 
can  be  taken  of  the  fact  that  the  development  is  greatly 
slowed  by  lowering  the  temperature.  Brook  trout  eggs  take 
44  days  to  hatch  at  50  degrees  Fahrenheit,  100  days  at  40 
degrees,  145  days  at  35  degrees.  Rainbow  take  only  30  days 
at  50  degrees,  86  days  at  40  degrees.  With  the  aid  of  refrig- 
eration it  was  possible,  even  before  the  days  of  air  travel,  to 
ship  brown  trout  eggs  from  Europe  to  America,  rainbow 
from  America  to  Europe,  New  Zealand,  and  Africa. 

While  the  intercontinental  transplantations  are  the  most 
spectacular,  important  introductions  have  been  made  on  a 
much  smaller  scale.  The  simplest  and  shortest  occurred 
when  California  cattlemen  took  a  dozen  of  the  famous  golden 
trout  out  of  the  limited  stream  system  in  which  alone  that 
form  was  found  and  carried  them  in  a  coffee  pot  four  miles 
across  a  divide  to  dump  them  into  an  entirely  different  water- 
shed. From  these  rudely  treated  forebears  have  come  all  the 
golden  trout  which  have  been  planted  in  other  parts  of  Cali- 
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fomla  to  bring  joy  to  the  hearts  and  beauty  to  the  eyes  of 
many  more  sportsmen  than  could  ever  have  seen  them  in 
their  very  limited  native  habitat. 

Few  people  realize  how  great  an  extent  of  excellent  trout 
water  in  North  America  was  barren  of  fish  before  the  white 
man  came,  particularly  in  the  rugged,  geologically  new, 
western  part  of  the  continent.  Here  glaciation  had  created 
numberless  lakes  so  high  in  the  mountains  that  they  were 
inaccessible  to  fish;  introduction  of  trout  has  created  fishing 
where  there  would  otherwise  be  none.  Strange  to  say,  it  is 
the  imported  eastern  brook  which  has  given  the  best  results 
in  many  such  lakes.  The  reasons  are  two.  The  eastern  brooks 
are  natives  of  colder  regions  than  the  other  species,  and 
therefore  grow  faster  in  these  high  lakes  with  their  short 
summers,  long  ice-bound  winters,  and  correspondingly  cold 
water.  And  they  are,  as  we  have  seen,  capable  of  spawning 
successfully  in  spring  seepages,  and  thus  are  able  to  propa- 
gate themselves  in  these  lakes  without  tributaries,  where  the 
other  species  would  have  to  be  maintained  by  restocking.  In 
contrast,  the  rainbows  of  the  west  have  replaced  the  brooks 
in  some  of  the  eastern  streams  which  have  been  rendered 
uninhabitable  for  the  aborigines  by  the  increased  water  tem- 
peratures brought  about  by  deforestation  and  erosion;  and 
the  European  brown  has  proved  better  able  than  either  of 
the  Americans  to  stand  up  against  the  pollution,  crowding, 
and  other  human  activities  which  help  turn  the  wheels  of 
progress. 

The  second  phase  in  the  way  of  man  with  trout  derived 
from  the  fact  that  for  many  years  many  men  believed  that 
natural  spawning  was  highly  inefficient.  Someone  had  blun- 
dered. Someone  had  gone  off  on  the  wrong  track,  and  all  the 
others  had  followed  blindly.  Someone  had  misinterpreted 
what  he  saw,  and  all  the  others  had  accepted,  and  had  come 
to  the  belief  that  the  tail-flapping  of  the  female  which  we 
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now  know  to  be  a  nest-digging  movement  was  part  of  the  act 
of  egg-deposition,  and  that  the  ensuing  approach  of  the  male 
which  we  now  know  to  be  courtship  behavior  was  the  act  of 
fertilization.  Under  the  circumstances  it  is  not  surprising  that 
one  fish-cultural  authority  made  the  statement  in  print  that 
only  two  out  of  every  thousand  naturally  spawned  eggs  were 
able  to  complete  their  development. 

In  contrast,  it  was  known  that  with  proper  handling  over 
ninety  per  cent  fertilization  resulted  from  artificial  spawning. 
Man  could  do  far  better  than  nature.  So  he  proceeded  to  build 
hatcheries,  and  to  take  every  spawning  trout  that  he  could 
lay  hands  on,  strip  it  of  its  eggs  or  its  milt,  hatch  the  eggs  in 
his  troughs,  hold  the  offspring  until  they  had  absorbed  the 
yolk-sac,  and  then  place  these  tiny  creatures  back  in  the 
natural  waters  from  which  he  had  taken  their  parents.  Only, 
since  this  work  was  so  much  more  efficient,  it  was  not  neces- 
sary to  replace  them  all  in  those  same  waters;  he  could  place 
a  part  of  them  there — ^perhaps  only  a  small  part — and  use 
the  rest  to  stock  other  waters.  The  trout  fisherman  could  be 
happy.  His  sport  was  assured  forever;  in  fact,  he  could  look 
forward  to  expanding  into  new  waters,  and  having  more  fish 
than  ever  before. 

How  long  it  took  people  to  begin  to  see  the  fallacy  in  this 
program  is  not  exactly  known.  As  the  results  failed  to  meet 
expectations,  efforts  were  made  to  raise  the  fry  to  larger 
size  before  releasing  them  on  the  theory  that  this  increased 
their  survival.  But  it  also  cost  more  for  fish  food  and 
handling,  and  more  of  the  fingerlings  died  in  the  troughs — 
partly  because  the  longer  period  gave  time  for  more  deaths 
to  occur,  and  partly  because  it  gave  time  for  disease  to  take 
hold  in  epidemic  form.  Sometimes,  in  spite  of  almost  per- 
fect fertilization,  the  number  of  young  fish  planted  was  less 
than  ten  per  cent  of  the  number  of  eggs  taken.  Thoughtful 
fish  culturists  wondered  whether  the  extra  money  and  labor 
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were  not  being  wasted;  whether  planting  the  fry  the  moment 
they  were  ready  to  begin  feeding  did  not  give  just  as  good 
survival  as  holding  them  until  they  were  three  inches  long. 
If  you  could  hold  them  until  they  were  six  inches  long,  get 
them  through  that  period  when  in  natural  waters  they  were 
preyed  on  by  a  host  of  enemies,  you  might  bring  about  a 
really  significant  increase  in  their  survival  j  but  the  added 
cost  would  be  so  great  as  to  offset  the  improvement. 

A  series  of  experiments  and  observations  has  led  gradually 
to  the  third  and  present  phase  of  the  trout  culturist's  phi- 
losophy. Repeated  creel  censuses  with  marked  hatchery  trout 
have  shown  that  anglers  catch  on  the  average  not  over  four 
per  cent  of  the  fish  planted  as  fingerlings — and  for  practical 
purposes  "fingerling"  may  be  defined  as  fish  which  will  have 
to  pass  through  a  winter  after  planting  before  they  are  of  a 
size  to  be  caught.  Careful  observers  have  corrected  the  mis- 
understandings about  the  mechanics  of  natural  spawning 
which  had  led  to  the  belief  in  its  inefficiency  j  and  painstaking 
work  digging  up  areas  where  natural  spawning  has  occurred 
has  demonstrated  its  efficiency  by  showing  that  as  high  as 
ninety-nine  per  cent  of  the  eggs  had  been  fertilized.  It  began 
to  be  realized  that  if  an  appreciable  number  of  adult  trout 
remained  in  any  water  after  the  angling  season,  they  could, 
if  they  had  access  to  proper  spawning  areas,  produce  all  the 
young  fish  which  the  water  could  support;  that  to  take  the 
eggs  from  them,  raise  them  in  hatcheries,  and  return  the 
little  fish  to  the  water,  probably  added  little  to  the  total  pro- 
duction; and  that  if  instead  of  returning  the  little  fish  to  their 
parent  water  a  large  proportion  of  them  were  placed  else- 
where, the  parent  water  was  being  "robbed"  and  its  popula- 
tion gradually  reduced. 

The  first  corrective  step  was  to  permit  the  wild  trout  to 
spawn  naturally,  and  to  do  everything  possible  to  improve 
spawning  conditions  for  them.  The  second  step  was  to  re- 
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place  the  wild  trout  with  hatchery-reared  brood  fish  as  a 
source  of  eggs,  so  that  the  resulting  offspring  would  be  an 
addition  to  the  native  stock,  not  merely  a  processing  of  the 
native  stock  by  man  instead  of  by  nature.  The  third  step  was 
to  find  ways  of  increasing  the  survival  of  the  hatchery  fish 
after  they  were  placed  in  natural  waters,  the  most  obvious 
way  being  to  plant  them  at  a  much  larger  sizej  and  here  a 
radical  change  in  thinking  had  to  come  about. 

As  long  as  the  principal  object  of  the  hatchery  was  to 
hatch  a  great  number  of  eggs  and  turn  out  a  great  number 
of  small  fingerlings,  no  large  volume  of  water  was  needed, 
and  the  belief  that  the  best  source  was  a  pure  spring  with  a 
temperature  of  around  forty  degrees  was  justified  by  the 
high  percentage  of  hatch  and  the  freedom  from  disease.  But 
at  that  temperature  growth  is  painfully  slow 5  rainbows,  for 
instance,  held  throughout  the'  summer  after  hatching  and 
the  whole  of  the  following  winter,  will  not  have  reached 
catchable  size  by  the  opening  of  the  fishing  season.  At  sixty 
degrees  they  will,  if  properly  fed,  attain  that  size  in  less  than 
six  months.  The  hatchery  man  has  had  to  change  his  ideal. 
The  small,  pure,  forty-degree  spring  gives  way  to  a  source 
of  water  with  a  constant  temperature  of  around  sixty  de- 
grees and  a  large  volume  of  flow.  Such  sources,  it  may  be 
added,  are  very  few  and  hard  to  find. 

Strains  of  fall-spawning  rainbow  have  been  developed  and 
maintained  in  hatcheries  as  brood  stocks  j  under  ideal  condi- 
tions eggs  taken  from  them  in  October  turn  into  catchable 
fish  at  the  opening  of  the  season  in  the  spring.  These  fish 
cost  more  to  produce  than  the  fingerlings — they  eat  more 
and  are  more  susceptible  to  disease.  Inexpensive  foods  and 
methods  of  mass  disease  prevention  and  cure  have  had  to  be 
developed.  The  diehards  have  argued  that  even  under  the 
best  conditions,  the  cost  of  producing  the  large  fish  was  so 
great  as  to  more  than  offset  their  higher  survival.  Experi- 
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ments  have  proved  that  this  is  not  so.  The  catchable  fish  may 
cost  on  the  average  five  to  six  times  as  much  as  the  finger- 
lings,  but  under  heavy  fishing  ten  times  as  many  are  caught. 
This  means  that  a  fish  in  the  angler's  creel  has  cost  one  hun- 
dred percent  more  if  planted  as  a  fingerling  than  if  planted 
at  catchable  size.  It  must  be  emphasized  that  this  is  under 
heavy  -fishing  fressure.  Where  anglers  are  few,  many  of  the 
catchable  fish  would  go  unharvested,  and  the  cost  per  fish 
caught  would  increase  correspondingly.  If  such  waters  must 
be  stocked  at  all,  fingerlings  are  still  the  most  economical. 

Man  now  seems  to  have  the  hatchery  part  of  his  trout 
problem  well  in  hand.  Just  as  important  is  the  other  part: 
what  happens  to  the  fish  after  they  leave  the  hatchery  and  to 
the  fish  which  have  never  been  in  a  hatchery?  Most  of  man's 
activities  are  detrimental.  Deforestation,  whether  for  lumber 
or  for  other  needs  of  civilization,  leads  to  silting  and  to 
higher  water  temperatures.  Dams  drown  sections  of  trout 
streams.  The  resulting  reservoirs  may  provide  fishing  if  they 
are  stable,  but  often  their  levels  fluctuate  to  such  an  extent 
that  the  bottoms,  alternately  flooded  and  desiccated,  produce 
very  little  trout  food.  Below  them,  stream  flows  may  be  so 
reduced  that  the  water  becomes  too  warm  for  trout,  or  at 
least  so  warm  that  it  is  invaded  by  undesirable  species  which 
crowd  out  the  trout.  Once  in  a  while,  to  be  sure,  the  reverse 
is  true  J  the  muddy  Colorado  River  has  become  a  clear  trout 
stream  for  many  miles  below  Boulder  Dam  because  it  has 
dropped  its  silt  load  and  reduced  its  temperature  in  the 
reservoir  above. 

To  help  trout  in  natural  waters  man  has  thought  up  some 
ingenious  tricks.  He  places  deflectors  in  streams  to  force  the 
current  to  scour  silt  accumulations  off  potential  spawning 
gravels  or  to  dig  pools  where  fish  may  rest  or  hide.  He 
builds  dams  in  high  mountain  valleys  to  catch  the  rainfall 
and  release  it  gradually  over  long  periods  into  stream  chan- 
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nels  which  would  otherwise  go  dry.  He  has  tried  the  trans- 
plantation of  beavers  in  the  hope  that  their  dams  would 
accomplish  the  same  result,  but  whether  the  net  effect  of 
this  animal  is  helpful  or  harmful  to  trout  has  not  yet  been 
decided.  He  has  tried  introducing  certain  organisms  which 
form  fish  food  into  lakes  where  they  were  absent,  but  with- 
out much  success.  A  body  of  water,  like  a  piece  of  land,  has 
a  limited  capacity  to  produce.  Efforts  in  a  more  fundamental 
direction,  fertilization,  he  has  also  tried,  but  so  far  without 
proven  results  in  natural  waters.  One  of  his  most  successful 
inventions  is  a  method  of  nullifying  the  effects  of  the  sports- 
men's own  negligence.  Trout  lakes  sometimes  become  over- 
run with  minnows  which  have  been  brought  from  other 
waters  for  bait.  When  this  happens,  the  whole  fish  popula- 
tion— usually  a  very  few  trout  and  hundreds  of  thousands  of 
useless  fish — ^is  poisoned  with  a  chemical  which  is  compara- 
tively cheap,  does  no  harm  to  warm-blooded  animals  nor  to 
many  of  the  invertebrates  which  form  trout  food,  and  loses 
its  effectiveness  in  a  comparatively  short  time.  The  lake  can 
then  be  re-stocked,  and  if  catchable  fish  are  used  not  one 
season's  fishing  need  be  missed.  All  goes  well  until  the  un- 
desirable minnows  return  through  the  carelessness  of  anglers 
and  again  over-run  the  lake. 

The  present-day  thinking  of  trout  culturists  and  conserva- 
tionists may  be  summarized  along  these  lines: 

1.  Brood  stocks,  hatchery-reared  and  maintained,  should 
be  the  main  sources  of  t^g  supply.  Eggs  should  be  taken 
from  wild  fish  only  where  facilities  are  inadequate  for  them 
to  spawn  naturally. 

2.  The  most  economical  method  of  stocking  heavily  fished 
waters  is  with  catchable-sized  fish  planted  just  before  and 
during  the  season.  Fingerlings  are  more  economical  for 
lightly  fished  waters. 

3.  The  old  type,  cold  spring  hatcheries  must  be  retired 
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just  as  rapidly  as  sources  of  water  can  be  obtained  suitable 
for  producing  catchable  fish — retaining  enough  of  the  old 
hatcheries  to  meet  fingerling  needs. 

4.  Effective  disease-control  measures,  low-cost  foods,  and 
means  of  reducing  expenditures  on  apparatus  and  installa- 
tions must  be  constantly  sought  in  order  to  raise  more  catch- 
able  fish  with  the  money  available. 

5.  Unceasing  vigilance  and  constant  effort  are  needed  in 
order  to  use  every  reasonable  means  to  preserve  trout  waters 
against  the  demands  of  dam-builders,  lumbermen,  road- 
builders,  farmers,  and  miners  j  otherwise  we  shall  find  our- 
selves with  hatcheries  full  of  trout  and  no  water  to  put  them 
in. 

6.  Wild  trout  must  receive  all  possible  protection  through 
improvement  of  their  habitat  and  through  wise  conservation 
regulations.  It  still  remains  true  that  they  can  produce  more, 
better,  and  cheaper  little  trout  than  man  is  able  to  do. 

Trout  are  among  the  easiest  fish  to  breed  and  distribute 
artificially.  By  this  I  do  not  mean  that  skill,  care,  intelli- 
gence, training,  and  experience  are  not  necessary  for  success- 
ful results.  I  mean  that  we  have  learned  to  handle  them  in 
great  numbers  more  easily  than  any  other  game  fish.  With 
the  "warm-water"  species  such  as  the  black  basses  and  their 
relatives  the  sunfishes  and  the  crappies,  the  picture  is  quite 
different.  The  eggs  cannot  be  successfully  removed  from  the 
females  and  hatched.  The  young  are  not  receptive  to  pre- 
pared foods.  The  accepted  method  for  "artificial"  produc- 
tion of  black  bass  is:  Let  the  adults  spawn  naturally  in  suit- 
able ponds  J  remove  the  young  to  other  ponds  to  prevent 
their  ingestion  by  their  parents  after  the  guarding  stage  has 
passed  J  see  to  it  that  these  rearing  ponds  are  well  supplied 
with  insect  larvae,  daphnia,  and  the  like  as  food  for  the  bass 
in  their  very  early  stages,  and  with  small  fish  as  forage  for 
them  when  they  grow  larger.  Under  these  conditions,  it  can 
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be  seen  how  impossible  it  would  be  to  produce  black  bass  in 
numbers  sufficient  to  permit  the  large-scale  and  widespread 
stocking  that  is  practical  with  trout. 

Fortunately  it  is  now  realized  that  such  stocking  of  the 
warm-water  fishes  is  not  necessary.  They  are  much  more 
prolific  than  trout,  and  they  take  care  of  their  young  for  at 
least  a  part  of  the  most  critical  period  of  their  existence. 
Stocking  for  seed  but  not  for  maintenance  has  become  the 
slogan.  Even  in  a  lake  that  appears  to  be  "fished  out"  there 
are  generally  enough  adults  left  to  produce  all  the  young  fish 
that  it  will  support.  Once  they  have  become  established  in  a 
water,  only  a  catastrophe  or  a  state  of  extreme  unbalance 
should  make  further  stocking  necessary.  Under-fishing  is 
more  apt  to  cause  trouble  than  overfishing. 

This  is  particularly  true  in  the  "'farm  ponds"  which  have 
become  so  popular.  Farmers  are  being  encouraged  to  store 
water  for  livestock  and  for  irrigation  by  building  small  dams, 
and,  as  a  corollary,  to  place  fish  in  them  for  their  own  sport 
and  food.  Black  bass  and  bluegill  sunfish  form  the  best  com- 
bination for  these  small  ponds,  the  bluegills  feeding  on  the 
invertebrate  life  and  the  bass  on  the  bluegills.  Production 
under  favorable  conditions  may  reach  as  high  as  four  hun- 
dred pounds  per  acre — far  more  than  the  farmer  and  his 
family  use.  Under-fishing  results,  particularly  for  the  blue- 
gills. The  bass,  being  more  highly  prized,  are  removed  in 
greater  numbers  until  they  no  longer  keep  the  bluegills 
under  control,  and  the  latter  multiply  to  the  point  where 
there  is  no  longer  enough  food  for  them.  They  fail  to  reach 
a  size  fit  for  human  consumption,  and  they  are  so  numerous 
that  they  prevent  the  bass  from  spawning.  Heavy  fishing 
throughout  the  year  and  the  retention  of  all  fish  caught 
without  regard  to  size  or  species  is  the  program  which  keeps 
the  farm  pond  healthy. 

Recently  a  somewhat  similar  formula  has  been  tried  on 
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large  bodies  of  water.  The  Tennessee  Valley  project  has 
proved  that,  where  anadromous  species  are  not  involved, 
dams  can  be  extremely  beneficial  to  fish  j  the  great  impound- 
ments have  provided  vastly  more  and  better  fishing  than 
existed  on  this  river  before  they  were  built.  Experiments 
have  led  to  the  conclusion  that  here  many  more  fish  die  of 
old  age  than  are  caught  by  anglers.  To  prevent  this  waste, 
to  permit  anglers  to  harvest  the  crops  at  the  time  the  fish 
are  most  easily  taken — in  the  spring  of  the  year — closed 
seasons  have  been  completely  abolished.  The  numbers  of 
fish  caught,  and  of  happy  fishermen,  have  increased  many- 
fold,  without  any  visible  reduction  as  yet  in  the  total  fish 
population.  It  is  not  claimed  that  this  program  would  be 
successful  everywhere.  Trout  present  a  problem  of  a  quite 
distinct  nature  j  even  bass  may  react  differently  under  dif- 
ferent conditions.  But  other  states  are  beginning  to  eye  the 
Tennessee  Valley,  and  to  take  steps  toward  following  in  its 
lead.  The  closed  season  for  warm-water  fishes  may  be  on  its 
way  out. 


CHAPTER    XI  I 

Habits  and  Adaptations 

ADAPTATIONS  in  the  world  of  fish  are  numberless.  Some 
are  insignificant.  Some  are  important  but  unspectacular.  And 
some  are  so  startling,  so  incredibly  fantastic,  that  they  leave 
the  imagination  in  a  state  of  collapse,  mumbling  to  itself  the 
hackneyed  old  line  about  truth  being  indeed  stranger  than 
fiction.  Could  anyone  be  expected  to  believe  in  a  fish  which 
renders  itself  blind  by  its  own  activities,  but  overcomes  the 
handicap  by  using  those  same  activities  in  a  radar-like  ap- 
paratus wherewith  it  finds  its  way  about?  And  yet  this  is 
just  what  the  electric  "eel"  does.  Its  principal  output  is  an 
electric  current  so  strong  as  not  only  to  stun  enemies  and 
prey,  but  also  to  cause  cataracts  on  its  own  eyes.  Its  secondary 
output  is  an  almost  continuous  series  of  much  weaker  electrical 
discharges.  On  its  head  are  sensory  pits  which  receive  the 
reflections  of  these  weak  currents  from  surrounding  objects  j 
and  so  delicately  are  they  adjusted  that  they  orient  the  eel 
after  it  has  become  blind  and  guide  it  wherever  it  wants  to 

^°*  .       .  . 

An  adaptation,  in  the  simplest  possible  words,  is  the  modi- 
fication of  an  organ,  or  of  a  whole  animal,  so  that  it  is  used 
for  a  different  purpose  from  the  one  which  it  originally 
served,  or  so  that  it  serves  the  same  purpose  in  a  different 
way.  When  you  use  your  hand  to  hold  this  book  you  are 
benefiting  from  an  adaptation,  for  hands  were  once  front 
paws  and  served  only  to  walk  on.  Far  below  us  in  the  scale  a 
somewhat  similar  adaptation  has  taken  place,  for  the  humble 
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sea-horse  now  uses  his  tail  to  grasp  stems  of  seaweed,  whereas 
it  was  once  as  much  an  organ  of  locomotion  as  mammals' 
paws. 

This  particular  adaptation  is  a  protective  one.  It  helps  the 
sea-horse  to  shelter  itself  among  the  weeds.  In  general, 
adaptations  help  animals  to  survive.  Fish  must  have  oxy- 
gen, food,  mates,  and,  in  most  species,  shelter  from  enemies. 


Figure  27.  SEA-HORSE 

in  order  to  live.  It  is  probably  safe  to  say  that  these  require- 
ments are  to  be  found  in  greatest  abundance  in  the  shallow 
parts  of  the  ocean.  Why  did  not  all  fish  congregate  there 
and  stay  there?  Why  have  they  moved  into  the  open  seas, 
into  the  cold  black  abyssal  depths,  ihto  tide-pools  above  low- 
water  markj  into  rivers  and  mountain-streams,  and  swamps 
that  dry  up 5  into  lightless  caves  and  artesian  waters;  into 
pools  that  stagnate,  into  muddy  roadside  ditches,  into  rice- 
fields  flooded  only  part  of  the  year  j  even  into  thermal  springs 
in  such  desert  regions  as  Death  Valley,  where  the  water 
temperature  rises  to  100  degrees  Fahrenheit? 

Competition  is  the  answer.  Competition  drove  human  be- 
ings out  of  settled  countries  into  new  lands  where  new  meth- 
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ods  had  to  be  found  to  provide  the  necessaries  of  life — 
which,  it  may  be  observed,  are  much  the  same  for  humans 
as  for  fish :  oxygen,  food,  water,  mates,  and  shelter  from  ene- 
mies. Competition  has  driven  fish  into  all  kinds  of  waters 
where  these  necessities  could  not  be  had  without  new  adapta- 
tions. And  so  it  is  in  connection  with  the  obtaining  of  one  or 
the  other  of  these  essentials  that  practically  all  of  the  adap- 
tations which  we  find  in  fish  show  themselves.  Whole  books 
have  been  written  on  themj  we  shall  mention  only  a  few. 

Betta,  our  old  friend  the  Siamese  fighting  fish,  is  a  good 
example  of  adaptation,  and  of  an  adaptation  of  an  adapta- 
tion. He,  as  well  as  such  aquarium  favorites  as  the  paradise 
fish  and  the  gourami,  belong  to  a  group  which  are  called 
labyrinth-fishes  because  they  have  modified  some  of  the  tis- 
sues on  each  side  of  their  heads  into  labyrinth-like  breathing 
chambers.  They  live  in  Asia  and  Africa,  where  the  water  in 
their  small  pools  gets  foul  in  the  dry  season,  and  because  of 
the  resulting  lack  of  oxygen  they  have  formed  the  habit  of 
coming  to  the  surface  to  take  in  mouthfuls  of  air  which  they 
store  in  these  auxiliary  chambers.  This  they  use  not  only  for 
breathing,  but  also  to  make  their  bubble-nests  described  in 
an  earlier  chapter,  for  it  is  from  this  store  of  air  that  the 
indispensable  bubbles  are  formed.  An  adaptation  originally 
connected  with  the  need  for  oxygen  has  been  readapted  to 
suit  the  need  for  shelter  of  the  young.  And  if  you  want  to 
carry  the  matter  one  step  further  you  might  consider  the 
way  in  which  the  upward-slanting  mouth  of  this  fish  is  so 
placed  as  to  make  it  the  perfect  instrument  for  releasing 
bubbles  and  for  inserting  eggs  into  a  nest  overhead. 

Betta  is  a  case  of  one  adaptive  structure  serving  two  pur- 
poses within  the  same  species.  In  the  ray  and  the  flounder, 
on  the  other  hand,  we  have  one  adaptive  form  occurring  in 
two  dissimilar  species  for  two  different  purposes  and  in  two 
fundamentally  different  ways.  Both  have  the  body  so  flat- 
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tened  that  they  are  able  to  live  on  or  very  close  to  the  bot- 
tom. In  the  ray  this  brings  the  mouth  down  to  where  it  can 
easily  scoop  up  the  shell-fish  which  form  its  food.  It  is, 
therefore,  mainly  a  feeding  adaptation.  In  the  flounder, 
however,  it  is  more  in  the  nature  of  a  camouflage,  for  it 
permits  him  to  lie  flat  on  the  bottom  where,  with  the  help 


Figure  28.  MALE  BETTA  UNDER  HIS  BUBBLE-NEST, 
RELEASING  ANOTHER  BUBBLE 


of  his  changeable  coloring,  he  escapes  the  notice  not  only  of 
his  own  prospective  food  but  also  of  those  forms  which  look 
upon  him  as  food.  It  is,  therefore,  both  a  feeding  and  a 
protective  adaptation. 

These  explanations  of  purpose  are,  it  must  be  admitted, 
conjectural.  But  in  determining  the  method  by  which  the 
adaptation  is  arrived  at  there  is  no  need  for  conjecture.  The 
anatomical  evidence  is  all  there.  The  ray  is  a  highly  depressed 
shark.  It  is  compressed  from  top  to  bottom,  just  as  if  you 
had  taken  a  clay  model  of  a  shark  and  squeezed  it  between 
two  horizontal  plates  until  it  is  almost  flat.  The  ray,  like 
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most  fish,  rests  on  its  stomach,  with  its  back  uppermost.  The 
adult  flounder,  on  the  other  hand,  lies  on  its  side  and  swims 
on  its  side,  and  to  achieve  this  position  it  goes  through  a 
strange  transformation.  An  article  which  I  once  came  upon 
In  the  public  press  describes  it  briefly,  clearly,  and  without 
undue  solemnity: 

"The  flounder  is  the  ichthyological  acme  of  lassitude.  He 
begins  life  swimming  in  an  upright  position  like  any  normal 
fish.  Before  he  is  many  weeks  old,  however,  he  begins  to  tire 
in  the  cosmic  struggle  for  existence.  He  sinks  to  the  bottom, 
stretches  out  on  his  side,  and  refuses  to  get  up  again.  In  this 
position  he  finds  himself  with  one  eye  staring  in  a  futile 
fashion  into  the  mud. 

"The  eye,  apparently  tiring  in  its  efforts  to  pierce  the  pri- 
mordial ooze,  behaves  in  a  manner  still  unexplained  by 
science.  It  moves  around  and  joins  the  other  optic,  fortunate 
enough  to  be  on  top.  This  results  in  the  flounder  being  one 
of  the  silliest  looking  of  all  fishes,  but  it  also  enables  him  to 
achieve  his  aim.  In  piscine  indolence,  he  lolls  on  the  bottom 
with  his  misplaced  orb  and  its  fellow  peering  upward  for  any 
food  that  may  drift  down  to  him.  Even  this  occasionally 
wears  on  the  flounder,  and  when  it  does  he  buries  himself  in 
the  mud  where  he  doesn't  even  have  to  look." 

The  unknown  author  is  to  be  congratulated  not  only  on 
his  sense  of  humor,  but  on  a  degree  of  accuracy  not  often 
found  in  journalistic  ventures  in  biology.  However,  the  se- 
quence of  events  is  not  exactly  as  he  narrates  them.  It  is 
true  that  the  flounders  start  life  like  any  other  young  fish, 
moving  along  in  the  conventional  upright  position.  At  this 
time  they  are  unbelievably  tiny,  for  they,  and  the  other  flat- 
fish like  the  sole,  dab,  plaice,  and  turbot,  which  have  similar 
life-stories,  come  from  eggs  about  one-twenty-fifth  of  an 
inch  in  diameter.  The  eggs  develop  in  less  than  two  weeks, 
and  the  fry  are  only  about  one-eighth  of  an  inch  long  when 
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hatched.  These  infinitesimal  animals,  like  any  other  young 
fish,  have  a  yolk-sac,  which  it  takes  them  about  ten  days  to 
absorb,  and  they  develop  an  air-bladder.  They  swim  around, 
like  any  other  young  fish,  with  one  eye  on  each  side  of  the 
head,  but  at  an  early  age  they  stray  from  the  conventional 
path.  They  begin  to  grow  flat,  but  instead  of  being  flattened 
from  top  to  bottom  like  the  skate  they  are  flattened  from 
side  to  side.  They  begin  to  lean  over  more  and  more  to  one 
side  or  the  other,  and  at  the  same  time  the  eye  on  the  side  to 
which  they  are  leaning  begins  a  migration.  It  may  travel 
across  over  the  top  of  the  head,  or  it  may  travel  through 
the  head,  but  it  eventually  lands  alongside  the  other  eye — 
unless,  as  sometimes  happens,  it  gets  lost  inside  the  head  and 
never  appears  again.  In  general,  all  the  fish  of  the  same 
species  use  the  same  side  to  see  out  of.  Most  of  the  flatfishes 
we  eat  in  this  country  are  "dextral" — ^they  have  the  eyes  on 
the  right — while  many  of  the  tropical  flatfishes  are  "sin- 
istral" j  but  there  are  some  species  in  which  both  right-  and 
left-sided  individuals  occur.  In  any  case,  it  is  only  after  the 
migration  of  the  eye  that  the  fish  settles  on  the  bottom.  The 
under  side  then  becomes  colorless,  and  the  air-bladder  dis- 
appears. The  end  result  is  a  fish  which  lives  on  its  eyeless, 
colorless  right  or  left  side,  and  presents  to  the  world  its  left 
or  right  side  which  contains  both  eyes  and  which  is  colored 
to  match  its  background.  And  the  surprising  point  is  that 
the  whole  transformation  takes  place  within  the  first  six  to 
twelve  weeks  of  the  fish's  career,  and  that  in  most  of  the 
species  the  little  animals  are  not  yet  an  inch  long  when  the 
change  is  completed  and  they  give  up  wandering  to  settle 
on  the  bottom  for  the  rest  of  their  lives.  However,  they  do 
not  "refuse  to  get  up  again,"  as  our  journalist  suggests,  for 
their  food  does  not  "drift  down"  into  their  mouths.  They 
are  carnivorous,  and  have  to  spend  a  certain  amount  of  time 
pursuing  their  prey. 
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Many  fish,  like  the  flounder,  seek  protection  in  imitating 
their  background,  but  there  are  others  which  protect  them- 
selves by  passing  most  of  their  lives  in  unlikely  or  inaccessible 
places.  One  tiny  inhabitant  of  Brazilian  fresh  waters  actually 
lives  inside  other  fishes.  It  is  so  small  that  it  can  slip  into  the 
chamber  which  houses  the  gills,  presumably  doing  this  when 
the  gill  cover  is  open  to  let  the  water  escape,  and  in  this 
extraordinary  spot  it  makes  its  home.  The  natives  call  it  the 
candtruy  and  are  in  great  dread  of  it  when  they  go  into  the 
water,  for  it  has  been  known  to  enter  the  excretory  orifices  of 
human  beings,  from  which  it  cannot  be  extracted  on  account 
of  its  sharp,  backwardly  pointing  spines. 

It  may  be  assumed  that  this  is  an  error  on  the  part  of  the 
fish.  Entry  into  the  organ  is  supposed  to  occur  during  urina- 
tion by  the  human  under  water,  when  the  outgoing  stream 
presumably  resembles,  to  the  candiru,  the  expiratory  current 
from  the  gill  chamber  of  a  fish.  Certainly  no  fish  would  de- 
liberately enter  a  hole  from  which  there  was  no  way  of 
emerging,  and  to  be  stuck  in  the  human  urethra  must  be 
most  unpleasant  for  the  candiru,  but  it  is  even  more  unpleas- 
ant for  the  human,  and  the  only  way  to  prevent  the  intruder 
from  reaching  the  bladder  and  causing  death  is  to  perform 
an  immediate  operation. 

There  is  one  fish  which  has  even  odder  ideas  about  the  way 
to  protect  itself  from  its  enemies.  The  candiru  by  mistake 
sometimes  lands  in  strange  places,  but  this  creature,  which 
rejoices  in  the  operatic  name  of  Fierasjer^  deliberately 
chooses  them. 

Fierasfer  lives  in  tropical  shallows.  In  the  same  waters 
there  lives  a  member  of  the  starfish  group  called  a  holo- 
thurian.  It  has  so  altered  its  shape  that  it  looks  like  nothing 
more  nor  less  than  a  gigantic  and  rather  dirty  cucumber.  In 

^  Ichthyologists  have  recently  changed  this  to  the  unromantic  sounding 
Carafus. 
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fact,  in  common  language  it  is  known  as  "sea-cucumber," 
and  some  of  its  species,  when  properly  dried,  are  esteemed  as 
table-delicacies  by  the  Chinese  under  the  name  of  trepang 
or  beche-de-mer.  Now,  the  ordinary  starfish  has  one  aper- 
ture in  the  middle  of  his  under  side  which  serves  him  both 
for  mouth  and  anal  opening.  And  through  this  aperture  he 
breathes.  The  sea-cucumber  has  advanced  to  the  point  of 
realizing  that  it  is  considered  more  decent  to  have  the  mouth 
at  one  end  and  the  anal  opening  at  the  other,  but,  confronted 


Figure  30.  FIERASFER  ABOUT  TO  ENTER  HIS 
HOLOTHURIAN   HOME 

with  the  choice  of  which  of  these  two  openings  to  breathe 
through,  he  chose  what,  from  our  point  of  view,  is  the  wrong 
one,  however  logical  it  may  seem  to  a  sea-cucumber.  He 
breathes  through  his  anal  opening. 

And  that  is  Fierasfer's  opportunity.  When  the  sea-cucum- 
ber is  doing  a  little  innocent  breathing,  Fierasfer  pops  in  and 
makes  himself  at  home.  Believe  it  or  not,  he  literally  lives 
in  the  rectum  of  a  sea-cucumber.  What  the  sea-cucumber 
thinks  of  it  no  one  knows  for  sure,  but  since  he  is  noted  for 
his  habit  of  pettishly  throwing  out  all  his  internal  organs 
when  he  is  annoyed,  we  can  only  conclude  that  he  has  no 
objection. 

Fierasfer's  form  is  a  model  for  anyone  who  wishes  to  avail 
himself  of  holothurian  hospitality.  His  body  is  elongated, 
his  tail  is  pointed,  and  his  vent  is  located  so  close  behind 
his  head  that  he  can  eliminate  his  waste  products  without 
polluting  his  home  merely  by  sticking  his  head  out  of  the 
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door.  Further,  he  has  done  away  with  his  ventral  fins,  which 
might  otherwise  make  him  unpopular  by  tickling  the  insides 
of  his  host.  Fins,  it  may  be  noted,  are  a  favorite  subject  for 
adaptation.  If  not  done  away  with  entirely,  as  in  this  case, 
they  are  put  to  all  kinds  of  uses  for  which  they  were  not 
originally  intended. 


Figure  31.  TRIGGER  FISH 

The   dotted  lines   diagrammatically   show   the   locking  mechanism  of   the 

fin-spines. 

In  the  common  sea-robin,  for  instance,  the  pectorals  be- 
come frail  legs  on  which  it  creeps  over  the  bottom.  In  the 
little  mud-skipper,  which  spends  much  time  out  of  water, 
they  have  developed  into  such  sturdy  limbs  that  it  can  hop 
about  quite  agilely  on  land  in  pursuit  of  its  prey.  In  the 
flying  fish  the  pectorals  have  been  modified  into  planes 
which  operate  like  the  wings  of  a  glider.  They  do  not  move 
the  animal  forward.  The  forward  motion  is  obtained  in  the 
water,  whereupon  it  shoots  into  the  air  and  glides,  falling 
back  into  the  water  when  the  initial  impetus  is  lost.  In  the 
trigger  fish  the  spines  of  the  dorsal  fin  have  been  trans- 
formed into  a  fairly  complicated  machine  for  defense,  one 
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spine  fitting  into  a  notch  in  the  other  in  such  a  way  as  to  hold 
it  against  all  pressure  until  the  fish  wishes  to  release  it. 

In  the  angler-fish  the  dorsal  fin  has  an  even  more  subtle 
use.  Part  of  it  is  prolonged  into  a  flabby  pendant  which 


Figure  32.  ANGLER-FISH 
After  Regan. 

dangles  over  the  front  of  the  fish's  head,  and  literally  serves 

as  a  bait  to  lure  other  fish  into  the  huge  mouth  just  below. 

In  several  species  the  fins  have  been  changed  into  suckers. 

In  the  gobies  it  is  the  ventrals  which  function  in  this  way, 


Figure  33.  REMORA 

From  Jordan  and  Evermann,   Fishes  of  North  and  Middle  America  by 
permission  of  the  United  States  National  Museum. 


permitting  the  little  animals  to  cling  to  rocks  when  the  surf 
washes  over  them.  In  the  remoras,  fishes  which  reach  a 
length  of  three  feet  or  more  and  are  commonly  known  as 
"shark-suckers,"  it  is  the  dorsal  fin,  moved  forward  to  the 
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top  of  the  head,  which  has  been  modified  into  a  mechanically 
quite  beautiful  suction  disk.  With  this  its  owner  attaches  it- 
self to  the  skin  of  a  shark,  and  is  given  a  free  ride  from  place 
to  place,  letting  go  to  feed  when  the  shark  does,  returning  to 
its  carrier  when  the  shark  moves  on.  The  sucker  is  extremely 
powerful,  so  much  so  that  the  natives  of  some  of  the  islands 
in  the  Pacific  use  the  fish  to  catch  turtles  with.  They  fasten 
a  line  to  the  remora,  release  it  close  to  a  turtle,  and  then 
let  it  cling  inexorably  to  the  shell  while  they  tow  it  to 
shore. 

And  fins  are  also  used  in  some  species  in  mating.  The  tiny 
guppy  uses  his  anal  fin  to  direct  balls  of  sperm  at  the  female's 
vent;  the  great  shark  uses  his  ventral  fins  to  introduce  the 
sperm  into  her  body. 

In  fact,  mating  and  reproduction  being  the  most  important 
functions  of  fish,  as  of  all  animals,  it  is  not  to  be  wondered 
at  that  the  most  numerous  and  most  interesting  adaptations 
and  habits  are  those  which  have  to  do  with  these  processes. 
Most  famous  are  the  spawning  of  the  salmon  and  the  eel. 
The  salmon's  migrations,  which  we  described  in  an  earlier 
chapter,  are  more  widely  known  because  of  the  fish's  sport 
and  commercial  importance,  but  the  spawning  activities  of 
the  eel  are  in  some  ways  even  more  remarkable.  They  were 
for  centuries  a  complete  mystery,  and  the  discovery  of  their 
breeding-grounds  is  one  of  the  outstanding  scientific  achieve- 
ments of  the  first  quarter  of  this  century. 

The  eel  which  we  are  speaking  of  here  is  not  the  moray 
nor  the  conger,  but  the  common  eel  found  in  fresh  water  on 
both  sides  of  the  North  Atlantic,  the  snaky  fish  with  no 
ventral  fins.  In  this  country  fishermen  are  inclined  to  look 
upon  it  as  a  nuisance  when  they  find  it  on  the  end  of  their 
line,  as  a  menace  when  they  learn  that  it  eats  young  bass, 
pickerel  and  even  trout.  They  overlook  the  fact  that,  in  ex- 
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change,  bass,  pickerel,  and  even  trout,  make  many  a  meal 
off  young  eels. 

On  the  other  side  of  the  Atlantic  the  same  animal  exists — 
although  set  off  in  a  different  species  because  it  has  an  average 
of  1 14  vertebrae  in  its  backbone  to  only  107  for  the  American 
— but  the  situation  is  different.  The  European  has  always 
looked  upon  the  eel  as  a  highly  desirable  food.  For  centuries 
he  has  been  intent  upon  its  capture  and  has,  therefore,  been 
interested  in  its  mode  of  life.  And  for  centuries  its  method  of 
propagation  baffled  him,  for  it  disappeared  from  his  rivers  in 
the  adult  stage,  and  reappeared  in  the  young  stage,  but  no 
ripe  eels  and  no  eggs  were  ever  seen.  Folklore  provided  the- 
ories ranging  all  the  way  from  spontaneous  generation  to 
the  transformation  of  horsehairs  into  little  eels.  The  actual 
solution  of  the  problem  is  an  illustration  of  how  halting  the 
steps  of  progress  sometimes  are,  and  of  the  way  in  which 
different  men  in  different  lands  at  different  times  can  un- 
knowingly work  together  to  write  a  complete  scientific 
detective  story. 

The  first  step  was  taken  by  a  German  named  Kauf  in 
1846.  He  discovered  in  the  sea  a  little  ribbon-like  fish  with 
a  tiny  head  which  he  labeled  Leftocefhalus  brevirostris. 
Science  looked  at  this  small  animal  without  undue  excite- 
ment, put  it  away  in  a  bottle  of  alcohol,  and  forgot  about  it. 

Fifty  years  elapsed  before  the  next  chapter  was  written. 
This  time  the  collaborator  was  an  Italian  named  Grassi, 
and  the  scene  was  the  Mediterranean.  Here  Grassi  found, 
in  1896,  specimens  of  KauPs  little  fish  which  were  busily 
engaged  in  ceasing  to  be  Leftocefhali.  They  were  in  transi- 
tion stages,  and  he  succeeded  in  proving  to  his  own  aston- 
ished eyes,  and  to  those  of  other  scientists  as  well,  that  what 
they  were  doing  was  turning  themselves  into  little  eels. 
Kauf's  Leftocefhdus  was  the  larva  of  the  eel,  almost  as 
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different  from  the  adult  as  the  caterpillar  is  from  the  butter- 

The  preliminaries  were  now  over,  and  the  stage  was  set 
and  waiting  for  the  entrance  of  the  master  mind.  This  turned 
out  to  be  a  Dane  named  Johannes  Schmidt.  He  had  two 
clues  to  work  with:  the  adult  eels  left  the  rivers  and  went 
out  to  sea,  and  the  young  larvae  came  in  from  the  sea.  Obvi- 
ously the  eels  spawned  at  sea,  but  was  it  in  the  open  ocean, 
or  off  some  unknown  coast  or  island?  Did  they  go  to  dif- 
ferent places,  or  did  they  all  spawn  at  the  same  place? 
Schmidt  burned  with  a  great  desire  to  find  out.  To  follow 
the  adults  was  impossible  j  they  disappeared  into  the  sea  and 
were  never  seen  again.  But  the  little  larval  forms  could  be 
picked  up  by  towing  nets  at  the  surface  of  the  ocean.  And 
the  larvae  were  growing,  at  the  same  time  that  they  were 
moving  from  their  birthplaces  toward  their  future  fresh- 
water homes.  Therefore,  the  smaller  the  larvae  found  in  any 
part  of  the  ocean,  the  nearer  that  part  of  the  ocean  must  be 
to  the  spawning  grounds.  Schmidt's  reasoning  was  simple 
enough  in  theory,  but  its  practical  application  was  stupendous. 

In  1906  he  put  to  sea,  and  for  fifteen  years  he  towed  nets 
up  and  down  the  ocean.  From  the  English  Channel  to  Chesa- 
peake Bay,  from  Greenland  to  Puerto  Rico,  he  collected  and 
surveyed  and  mapped,  and  correlated  sizes  and  seasonal 
numbers.  And  at  last  his  maps  began  to  make  sense.  For  he 
found  that  as  he  went  westward  from  the  European  coast 
the  larvae  grew  progressively  smaller,  and  the  same  thing 
happened  as  he  went  south  and  southeast  from  the  Ameri- 
can coast.  And  he  was  finally  able  to  announce  with  absolute 
certainty  that  the  spawning  grounds  of  both  species  are  be- 
tween 20  and  30  degrees  north  and  50  and  70  degrees  west, 
with  the  European  spawning-beds  to  the  east  of  the  Ameri- 
can. This  area  lies  northeast  of  Puerto  Rico,  southeast  of 
Bermuda.   It  is  for  all  practical  purposes  the  area  of  the 
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Sargasso  Sea,  where,  according  to  song  and  story,  the  Gulf 
Stream  comes  into  being,  and  where  abandoned  ships  drift 
in  a  sad  circle  of  their  companions  until  they  sink  quietly 
beneath  the  waves — a  perfect  setting  for  the  final  chapter  of 
one  of  the  greatest  of  all  scientific  detective  stories,  a  fitting 
place  for  the  eel  to  spawn  and  die  after  its  long  journey 
across  the  seas. 

And  so  the  question  "where"  is  answered,  but  let  no 
ambitious  young  zoologist  be  discouraged  by  lack  of  worlds 
to  conquer,  for  the  eel  problem  is  still  full  of  "whys"  and 
"hows."  The  eggs  hatch  in  the  late  winter  or  early  spring, 
and  the  leptocephali  of  both  species  start  life  with  a  length 
of  about  one-quarter  of  an  inch.  They  start  in  very  close 
proximity  to  each  other  in  the  Sargasso  Sea,  and  yet  one  year 
later  those  of  the  American  species  appear  off  the  American 
coast,  and  three  years  later  the  little  Europeans  appear  off 
the  European  coast.  Both  have  drifted  with  the  Gulf  Stream, 
both  have  now  attained  a  length  of  two  and  one-half  to 
three  inches,  both  are  still  in  the  larval  condition.  How 
have  they  managed  to  separate,  and  find  their  respective 
homes?  Each  now  metamorphoses,  in  a  period  of  about  two 
months,  into  a  transparent  miniature  of  its  parents — ^a  so- 
called  "glass  eel."  How  is  it  that  the  larval  life  of  the 
American  species  takes  only  one  year,  just  the  amount  of 
time  necessary  to  cover  the  distance  to  our  shore,  whereas 
the  larval  life  of  the  European  takes  three  years,  the  amount 
of  time  necessary  for  it  to  reach  the  European  coasts?  In  both 
species,  metamorphosis  occurs  at  the  proper  spot,  and  the 
glass  eel  makes  for  fresh  water  in  the  same  continent  which 
its  parents  inhabited.  It  is  a  beautiful  arrangement  of  vari- 
ables into  an  equation  in  timing,  in  which  the  speed  of  the 
Gulf  Stream,  the  distance  from  the  Sargasso  Sea,  and  the 
length  of  time  required  to  reach  the  stage  of  metamorphosis, 
have  all  been  perfectly  correlated. 
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The  little  fish  now  swarm  up  the  streams.  The  word 
"swarm"  is  used  advisedly.  The  numbers  which  survive  to 
reach  fresh  water  can  be  only  a  small  percentage  of  those 
born  in  the  Sargasso  Sea,  yet  at  times  there  are  what  appear 
to  be  solid  ropes  of  elvers  ascending  our  rivers.  One  au- 
thority speaks  of  getting  fifteen  hundred  in  a  single  scoop  of 
a  small  dip-net  as  something  not  at  all  unusual.  Those  which 
survive  this  upstream  passage — and  the  number  eaten  by  fish 
and  other  animals  must  be  enormous — settle  down  to  live 
and  grow  in  fresh  water.  They  are  voracious,  but  grow  slowly. 
Scales  form,  in  the  American  species,  at  three  to  four  years. 
They  are  so  deeply  sunk  in  the  skin  that  people  often  think 
of  eels  as  having  no  scales,  but  they  are  there,  and  they  are 
readable.  Eels  kept  in  captivity  have  been  known  to  live  for 
fifty  years,  but  they  never  breed  in  fresh  water. 

Normally,  the  males  grow  to  sixteen  inches,  the  females 
to  three  feet.  Age  at  maturity  varies  from  eight  to  fifteen 
years;  it  is  earlier  for  males  than  for  females.  But  what- 
ever it  may  be,  there  comes  for  each  an  autumn  when  some- 
thing irresistibly  impels  it  to  go  down  to  the  sea.  So  strong 
is  the  urge  that  if  the  water  in  which  it  dwells  has  been 
isolated  by  drying  streams,  it  will  travel  overland,  choosing 
damp  nights  for  such  excursions.  Arrived  in  salt  water,  its 
sex-organs  begin  to  develop,  it  ceases  feeding,  and  it  starts 
on  its  slow  journey  back  to  its  birthplace.  A  French  zoologist 
has  estimated  that  eels  do  not  travel  ordinarily  faster  than 
one-half  mile  an  hour.  At  this  rate  it  would  take  the  Ameri- 
can eel  from  one  to  two  months,  the  European  eel  about  six 
months,  to  make  the  journey.  Great  armies  of  eels,  endless 
processions  of  eels,  from  Maryland  and  Maine,  from  Eng- 
land and  France,  from  Cadiz  and  Trieste,  solemnly  wriggle 
across  the  Atlantic  at  this  funereal  pace.  They  reach  the 
Sargasso  Sea,  they  go  down  into  its  dark  depths,  and  there, 
a  thousand  feet  below  the  surface,  they  spawn  and  die. 
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And  so  it  may  be  seen  that  the  eePs  life-cycle  is  the  re- 
verse of  the  salmon's.  The  latter  is  born  in  fresh  water,  goes 
to  sea  to  live,  feed,  and  grow,  returns  to  fresh  water  to 
spawn  and  die.  The  former  is  born  in  salt  water,  goes  into 
fresh  water  to  live,  feed,  and  grow,  and  returns  to  salt 
water  to  spawn  and  die.  It  is  difficult  to  conceive  how  the 
salmon  finds  its  way  back  from  the  sea  to  its  home  tribu- 
tary; but  it  is  even  more  difficult  to  conceive  how  the  eel 
finds  its  way  back  across  the  trackless  ocean  to  the  Sargasso 
Sea. 

A  very  different  kind  of  spawning  migration  is  that  of  a 
little  smeltlike  fish  six  inches  long  called  the  grunion.  The 
grunion  lives  along  the  sandy  California  beaches,  and  it  has 
worked  out  an  equation  in  timing  in  which  the  movements 
of  the  sun  and  the  moon  are  the  variables. 

The  moon,  as  we  all  learned  in  school,  is  the  principal 
cause  of  the  tides  of  the  sea,  but  the  sun  also  plays  a  part. 
The  moon  moves  in  an  orbit  around  the  earth  which  it  takes 
a  little  more  than  twenty-nine  days  to  complete.  At  one  spot 
in  that  orbit,  the  moon  is  directly  on  the  line  between  the 
earth  and  the  sun,  and  the  pull  of  moon  and  sun  then  com- 
bine to  make  the  tides  higher  than  average.  Some  fourteen 
days  later,  when  the  moon  has  gone  half-way  around  the 
earth,  the  moon  is  on  the  opposite  side  from  the  sun,  and 
the  two  astral  bodies  pull  in  opposite  directions,  with  the 
same  result.  In  plain  words,  for  the  benefit  of  those  not 
astronomically  minded,  approximately  every  two  weeks  there 
is  a  period  of  two  or  three  days  when  the  high  tides  are 
higher  than  usual.  These  are  called  spring  tides.  At  such 
times,  the  waves  come  up  on  the  beaches  further  than  they 
do  at  most  high  tides,  and  reach  points  on  the  sand  which, 
after  their  subsidence,  will  remain  above  water  until  the  next 
spring  tides  come  two  weeks  later  to  wash  over  them  again. 

The  pressure  of  the  life-force  against  its  circumscribing 
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environment  is  unceasing.  Every  last  corner  in  which  it  can 
by  the  most  far-fetched  means  gain  a  foothold  must  be 
utilized.  This  narrow  strip  of  sand,  at  the  very  limit  of  the 
tidal  zone,  is  available  only  at  fortnightly  intervals,  and  yet 
the  grunion  has  arranged  its  whole  life-cycle  in  such  a  way 
as  to  take  advantage  of  it. 

Every  two  weeks  during  the  spawning  season,  which  lasts 
from  March  until  July,  the  grunion  mature.  Every  two 
weeks  their  eggs  become  ripe,  and  it  is  with  unfailing  regu- 
larity at  the  time  of  a  spring  tide  that  their  sex  products 
press  for  release.  At  night,  in  great  numbers,  the  fish  con- 
gregate in  the  surf.  There  they  wait,  rising  and  falling  in 
the  long  Pacific  roll,  until  just  after  high  tide.  At  the  proper 
moment  something  gives  them  the  signal,  and  they  begin  to 
come  in.  Like  skillful  surf-boarders,  they  ride  the  crests  of 
the  waves,  and  they  bounce  and  tumble  along  with  the  foam 
until  they  land  high  up  on  the  beach.  There  each  female's 
tail  drills  a  hole  in  the  dripping  sandj  into  it  she  pours  her 
eggs,  which  are  fertilized  by  the  nearest  malej  and  the  fish, 
except  for  the  unfortunate  few  who  fail  to  extricate  them- 
selves and  are  found  dead  the  next  morning  up  to  their  arm- 
pits, so  to  speak,  in  sand,  squirm  their  way  back  into  the  next 
wave  and  are  sucked  out  to  sea.  The  mating  act,  including 
the  selection  of  partners,  the  digging  of  the  nest,  and  the 
deposition  of  the  sex  products,  takes  no  more  than  sixty 
seconds,  and  the  whole  spawning  migration  sets  what  must 
be  an  all-time  record  for  speed,  for  from  the  moment  an 
individual  starts  in  on  the  crest  of  a  wave  until  it  is  back 
again  in  deep  water  cannot  be  over  three  minutes. 

The  parents,  having  done  what  is  called  their  duty,  but 
what  in  this  case  must  be  nothing  but  a  pleasant  and  exciting 
excursion,  go  on  their  way.  The  spring  tide  recedes,  next 
day's  sun  shines  down  upon  the  beach,  and  there,  safely 
buried  three  or  four  inches  deep  in  the  warm,  moist  sand. 
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the  eggs  develop.  Two  weeks  later  the  next  spring  tide 
scours  them  from  their  nest,  washes  the  ready  fry  out  of  the 
egg-membranes,  and  sweeps  them  out  to  sea. 

One  or  two  of  the  subtler  points  which  we  have  passed 
over  in  order  not  to  interrupt  our  narrative  are  worth  atten- 
tion. Spawning  takes  place  at  night  only.  The  grunion  thus 
escapes  many  of  the  dangers  which  it  would  run  if  it 
spawned  in  daylight,  especially  birds  of  prey.  The  one  bird 
of  prey  which  it  does  not  fool  in  this  way  is  man.  Formerly 
the  beaches  of  southern  California  glittered  in  the  moon- 
light with  great  schools  of  spawning  grunion.  Motor-cars 
have  brought  schools  of  greedy  humans,  with  shovels  and 
scoops  and  buckets  and  barrels,  and  now  the  grunion  are 
few.  However,  the  species  is  not  doomed,  for  a  closed  season 
has  been  put  into  effect  to  save  it  from  extinction. 

Spawning  generally  takes  place  not  at  the  very  apex  of  the 
spring  tide,  but  one  or  two  nights  later,  when  the  waves  do 
not  reach  quite  so  high  up  on  the  beach.  This  makes  it  certain 
that  the  next  spring  tide  will  reach  and  release  the  fry  even 
though  through  some  variation  in  the  conditions  it  is  not 
quite  so  high  as  the  one  in  which  the  eggs  were  laid. 

The  eggs  take  only  nine  days  to  develop,  but  the  fry  do 
not  emerge  until  the  waves  dig  them  out  of  the  sand.  They 
are  thus  ready  for  the  appointment  ahead  of  time,  in  case 
winds  or  other  circumstances  should  bring  the  releasing  tide 
earlier  than  usual,  but  they  none  the  less  suspend  their 
progress  and  wait  patiently  within  the  ^g^  until  the  water 
comes  to  set  them  free.  If  they  did  not,  they  would  emerge 
into  the  almost  dry  sand,  and  would  perish. 

The  whole  thing  is  an  equation  in  timing  even  more  com- 
plicated than  that  of  the  eel,  and,  to  my  mind,  prettier.  I 
would  rather  be  a  grunion  than  an  eel. 

There  is  one  fish  which  has  pushed  the  matter  even 
further.  It  apparently  appreciates  the  desirable  features  of 
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the  grunion's  system,  but  being  an  inhabitant  of  tropical 
fresh  waters  it  has  no  tide  to  help  it,  and  has  to  take  the 
parts  played  by  the  moon  and  sun  itself.  It  spawns  out  of 
water  entirely.  Through  what  feats  of  acrobatism  can  only 
be  imagined,  the  female  sticks  her  eggs  to  a  rock  a  little 
above  the  surface,  and  the  male  then  goes  on  duty  to  keep 
them  wet  by  splashing  water  on  them  until  the  young  hatch. 
Gilbert  and  Sullivan  could  not  have  thought  of  anything 
more  nonsensical,  nor  Alice's  White  Knight  with  his 

.  .  .  "plan 
To  dye  one^s  whiskers  green 
And  always  use  so  large  a  fan 
That  they  could  not  he  seen. 

The  little  Cofeina  described  above  shows  a  commendable 
interest  in  the  eggs  after  they  are  laid,  but  there  are  other 
fish  which  go  even  further.  Most  touching  instance  of  post- 
natal care  is  the  so-called  "mouth-breeder."  Here  we  have 
a  fish — a  cold,  dull,  selfish  animal  in  the  eyes  of  most  people 
— going  without  food  for  weeks  for  the  sake  of  its  children. 
This  occurs  not  only  among  the  cichlids,  which  we  men- 
tioned in  the  preceding  chapter  as  outstanding  examples  of 
parental  solicitude,  but  also  among  the  catfish.  One  of  the 
parents — ^in  some  species  the  mother,  in  some  the  father — 
takes  the  eggs  in  the  mouth  after  they  are  fertilized,  and  not 
only  holds  them  there  throughout  development,  but  also 
holds  a  mouthful  of  squirming  fry  until  the  yolk-sac  is  ab- 
sorbed. In  spite  of  all  temptations,  no  food  is  eaten.  And  in 
the  case  of  the  cichlids  the  young,  even  after  they  are  free- 
swimming,  return  to  the  parental  mouth  each  evening  and 
spend  the  night  there  until  they  are  literally  too  big  to 
get  in. 

The  sea-horse  is  also  a  good  parent  but  in  a  different  way, 
and  here  the  father  only  officiates.  For  it  is  the  male  which 
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has  on  its  abdomen  a  pouch  very  much  like  the  marsupial 
pouch  of  the  female  kangaroo.  In  this  pouch  the  eggs  are 
placed  by  the  mother  as  she  lays  them,  and  here  they  remain 
until  the  young  are  able  to  swim.  Then,  with  a  series  of 
convulsive  movements  which  make  the  father  look  as  if  he 
were  in  great  distress,  he  forces  open  the  pouch,  and  the 
little  ones  are  expelled,  sometimes  one  at  a  time  and  some- 
times in  swarms.  It  looks  exactly  as  if  the  father  were  giving 
birth. 

And  in  a  very  different  species  the  father,  incredible  as  it 
may  sound,  actually  does  give  birth — or,  to  put  it  more  cor- 
rectly, the  same  fish  which  at  one  time  in  its  life  gives  birth 
later  becomes  a  father.  For  in  one  of  the  live-bearers,  Xy- 
fhofhorusy  the  sword-tail,  authentic  records  are  numerous 
of  complete  change  of  sex.  An  individual  starts  life  as  a 
female,  becomes  a  mother,  and  gives  birth  to  numerous 
offspring.  After  some  years  of  this  she  gets  tired  of  males, 
starts  taking  up  with  other  females,  and  before  long  has 
fathered  numerous  offspring.  As  one  ichthyologist  described 
it,  "A  mother  becomes  the  father  of  her  own  grand- 
daughter." It  seems  a  happy  division  of  domestic  labors, 
and  one  which  human  beings  might  well  envy.  After  a  youth- 
ful probationary  period  during  which  she  underwent  the 
trials,  as  well  as  the  joys,  of  womanhood  and  motherhood, 
the  individual,  instead  of  becoming  barren  in  middle  life, 
would  turn  into  a  man,  enjoying  thenceforth  masculine  free- 
dom from  physical  and  domestic  woes,  and  assuming  mascu- 
line responsibilities.  What  wise  old  men  we  should  have! 
For  it  is  difficult  for  even  the  most  sensitive  of  us  fully  to 
appreciate  situations  w^hich  we  have  not  personally  experi- 
enced j  but  an  old  man  who  had  been  in  his  earlier  days 
maiden,  wife,  and  mother  would  be  capable  of  a  boundless 
sympathy  for  and  understanding  of  all  mankind. 

And  now  we  come  to  the  climax,  the  ultimate  height,  the 
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wildest  flight  of  fancy,  exemplified  by  a  certain  large  and 
quite  ugly  deep-sea  angler-fish.  This  animal  is  a  perfect 
Christmas  tree  of  adaptations.  Being  an  angler,  it  has  the 
dorsal  fin  modified  into  a  dangling  lure.  Being  a  deep-sea 
fish,  it  has,  as  many  deep-sea  fish  do,  phosphorescent  organs 
which  light  up  the  darkness  in  which  it  lives — whether  to 
signal  mates  or  to  lure  victims  is  undetermined.  And  then  it 


Figure  34.  FEMALE  ANGLER  WITH  DWARF  PARASITIC 
MALE  ATTACHED  TO  ABDOMEN 

goes  a  step  further  and  stupefies  the  rest  of  the  animal  king- 
dom by  taking  unto  itself  a  parasitic  mate.  Parasitic  not  in 
the  manner  of  some  human  females:  here  the  parasitism  is 
physical,  and  is  practiced  by  the  male.  Anyone  who  does  not 
believe  this  may  go  to  the  American  Museum  of  Natural 
History  in  New  York  City  and  look  at  the  model  in  the 
Hall  of  Fishes,  made  from  a  gruesome  couple  captured  off 
the  coast  of  England.  The  female  is  forty  inches  long,  her 
devoted  husband  four  inches  long — only  one  one-thousandth 
of  her  weight. 

This  species  lives  at  great  depths,  in  complete  blackness. 
Its  numbers  are  few.  The  chances  of  a  male  finding  a  female 
are  poor,  and  of  his  losing  her  after  he  has  once  found  her 
good.  What  he  does,  then,  if  he  has  the  good  luck  to  find  a 
mate,  is  to  make  sure  that  he  will  never  be  separated  from 
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her.  He  takes  her  by  the  throat  or  the  back,  or  some  other 
portion  of  her  anatomy.  His  jaws  sink  in.  And  he  never 
lets  go  again.  By  and  by  his  skin  grows  together  with  her 
skin.  Her  blood-vessels  make  connection  with  his  blood- 
vessels. His  mouth  degenerates  and  becomes  functionless. 
He  becomes  literally  one  with  her. 

In  an  earlier  chapter  it  was  said  that  no  cases  of  monog- 
amy in  the  fish  world  could  be  proved  j  and  even  here,  in 
spite  of  first  appearances  to  the  contrary,  true  monogamy 
does  not  exist,  for  the  female  may  attach  unto  herself  several 
males.  But  of  unswerving  masculine  devotion  to  a  single 
spouse  this  is  unquestionably  the  world's  outstanding  ex- 
ample. Here  is  conjugal  faithfulness  carried  to  the  ultimate 
degree.  Here  are  no  puny  words  about  "till  death  do  us 
part."  Not  even  death  will  part  this  little  fish  from  his  mate. 
If  she  dies,  he  at  once  dies  also.  Here  is  marital  fidelity 
beyond  the  powers  of  the  most  virtuous  of  the  human 
species. 

Poor  fish,  indeed! 
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Gamhusta  ajfinisy  38 
Gills,  145 

illustrated,  146 
Gill-rakers,  147 
Grass!,  260 
"Green  fry,"  21 
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Growth,  1 68-1 7 1 
Grunion,  264-266 
Guanin,  31,  32,  33 

Halibut,  225,  226 
Hatcheries,  240 
Hatching  period,  168 

of  black  bass,  168 

of  trout,  168 
Hearing,  loi 

acuteness  of,  131 

and  air-bladder,  132 

definition  of,  104 

in   different  species,    105,   1 06 

early  theories,    10 1,   1 03 

limits,  104,  105 

proof  of,  103-106 

tone  discrimination,  105 
Heart,  153-154 
Hemichromis     bimaculatus     Gill, 

22 

Herring,  size  of  schools,   165 
Holothurian,  255,  256 
Home  stream  theory,  189-199 

Inheritance,  8-10 
Insulin,   144 
Invertebrate,  7 
Iridio  bivittata,  lOO 

Jellyfish,  14 
Jewel-fish,  22 

cichlid,  22 

color  discrimination,  96,  97 

coloring,  43 

courtship,  161,  162 

vision,  93-94 
Jordan,  David  Starr,  21 

Kamongo,  132 
Kauf,  260 


Kidneys,  1 49-1 51 
Killifish,  135 
Kinesthetic  sense,  116 

Ladder,  fish,  231 

Lateral  line  canal,  67,   109,   1 16 

as  current  indicator,  112 

experiments  on,  iio 

function,  no 

illustrated,  109 

as  temperature  sense,  in,  112 
Lati?neriay  12 
Learning  in  fish,  121 
Leeuwenhoek,  24 
Leptocephalid  stage, 

of  bone-fish,  illustrated,  203 

of  eel,  260 

of  tarpon,  202,  204 

of  "ten-pounder,"  203 
LeftocefhaluSy  202,  260 
Linnaeus,  1 3 
Locomotion  of  fishes,  57 

by  gill  currents,  61 

importance  of  fins   in,    59-60, 
62 

jet-propulsion,  61 
Lung-fish,  13,  132 

Mackerel,  159 
Mammals,  14 
Mastication,  141 
Maturity,  170 

age  at,  171 
Mosquito  fish,  38 
Mouth-breeders,   267 
Mucus  i^see  also  Slime),  19-21 
Muscles,  55,  56 

facial,  55 

long,  55 
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Muskellunge,  220 

distinctive  characters,  220 

Qgg  hatching  period  168 

growth,  221 

spawning,  221 
Mutationist,  9,  10,  il 

North  Sea,  165 

Nostrils,  114 

Numbers  of  fish,  in  schools,   165 

Operations  on  fish,  ears,  104 

fins,  59 

lateral  line,  no 

technics,   104 
Optic  nerves,  86-88 
Optics,  under  water,  68-81 
Organ  systems,  16,  17 
Ovaries,  1 71-172 
Oxygen,  In  air-bladder,  133 

content  of  water,  147,  148 

requirements,  148 

source  of,  148 

Pain,  In  fish,  11 9-1 2 1 
Parasitic  male,  269 
Parent-stream  theory,    189-199 
Parr  marks,  44 
Perch,  48,  51 

illustrated,  50 
Poikilo-thermal,  156 
Poison,  fish,  244 
Pollution,  229 
Ponds,  farm,  246 
Porcupine-fish,  illustrated,  23 
Porpoise,   14,  58 
Predator,  38 
Primitive  fish,  48,   51 
Protozoan,  14 

illustrated,  14 


PterichthySy  illustrated,  8 
Puffer,  223 

Ray  {see  also  Cartilaginous  fish), 
251 

illustrated,  252 
Reef-wrasse,  44 
Refraction,  68-79 

critical  angle,  71,  75 

in  fish's  optic  mechanism,  83 

total,  71 
Retractor  lentis,  84 
Remora,  258 

illustrated,   258 

Sacro-iliac,  55 
Salmo  solar y  184 
Salmon,  184,  228 

artificial  propagation,  165,  166 

Atlantic,  184 

by-products,  166 

caeca  y  143 

Columbia  River,  230-235 

eggs,  166 

homing     instinct,      189,      1 90, 

I93>   195,  196 
life  history,  185 
marking,  191-195 
Pacific,  184 
parr  marks,  44 
rate  of  travel,  188 
Salmo  salary  184 
salmonidaey  174 
spawning  act,  189 
spawning  migrations,  187,  188, 

189 
speciation,  11,  184 
speed  of,  58 
survival,  189,  240 
tagging,  192 
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Salnionidaey  174 

classification,   175,  176 

origin,  175 
San  Joaquin  River,  235 
Sardine,  226 
Sargasso  Sea,  262 
Scales,  22 

annual  check,  27 

of  aquarium  fish,  30 

growth  of,  25-27 

nuclei,  25 

number  of,  26 

position  of,  25 

regenerated,  29 

rings,  26 

spawning  mark,  27 

of  tropical  fish,  30 
Scale-reading,  26-28 
Scale-taking,  21 
Schools,  size  of,  165 
Schmidt,  Johannes,  261 
Screens,  fish,  235 

electrical,  235 
Sea-cucumber,  256 
Sea-horse,  61,  249 

illustrated,  249 

spawning,  267,  268 
Seasons,  spawning,  168 
Semi-permeable   membranes,    150 
Sense  organs,  66 
Sex-reversal,  267-268 
Sexual  selection,  44 
Sharks     {see     also     Cartilaginous 

fish),  46 
"Shark-sucker,"  258 
Shasta  Reservoir,  236 
Sight,  67 

color  discrimination,   96 
distance  judgment,  90-96 
effect  of  current,  79 


Sight  (Cont.) 

effect  of  reflected  light,  78 

effect  of  waves,  79 

limits  of  vision,  71 

opacity  of  surface,  71 

optics  under  water,  68-81 

reflection,  71 

refraction,  68 

refraction,  total,  71 

vision,  acuteness  of,  97 

vision,  at  close  range,  93,  94 
Skeleton,  47,  53 
Skin,  17,  22 

living  cells  of,   17 
Sleep,  100 
Slime,  19-21 
Slippery  Dick,   lOO 
Smell,   113,  114 
Smelt,  Great  Lakes,  224 
Sounds,    produced    by    fish,    106, 

135 

Spawning,   159 

of  betta,  160,   161 

of  black  bass,  167,  217,  218 

intervals,   168 

of  jewel,  161,  162 

of  live-bearers,   163 

of  mackerel,  159 

of  muskellunge,  221 

migrations,  187,  191-195,  259, 
264,  267 

of  salmon,  187,  188,  189 

seasons,  168 

of  shark,   164 

of  tarpon,  201,  202 

of  trout,   159,   160,   166,   167, 
179-183 
Specific  gravity  of  fish,  53 
Speed,  of  fishes,  58 

of  other  animals,  58 


Spermatozoon,  157 

illustrated,  158 
Spiny-rayed  fish,  48,   51 
Spiracle,  106 

Spiral  valve,  illustrated,  144 
Starfish  group,   255 
Steelhead,  177,  178,  1 80-182 
Striped  bass,  211 

growth,  2-12,  213 

hatching  period,   168 

illustrated,  142 

spawning,  212,  213 

structure,    212 

transplantation,  211 
Sunfish,  bluegill,  246 
Surgeon-fish,  23 
Survival,   240 
Swordfish,   23,  69,  209 

attacks  on  ships,  209 

illustrated,   210 

young,  21 X 

Tags,  227 

Tail,  heterocercaly  64 

homocercaly   64 
Tarpon,  200 

air-bladder,  133,  205 

early  stages,  202 

growth,   202,   203 

habitat,  201 

illustrated,  201 

leftocefhalusy    203 

relationships,  47,  202,  203 

spawning,    201,    202 
Taste,  113,  114 
Teeth,  140,  141 

pharyngeal,  141 
Teleology,  8,  9,  II 
Temperature  of  body,  155,  156 
Temperature  sense,  1 1 1 
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Tennessee  Valley,  247 
Test  River,  40 
Thermoclines,   149 
Tile  fish,  223 
Tongue,  114,   141 
Touch,  1 1 3 
Toxotes  jaculatofj  93 
Trout,   175 

acuteness  of  vision,  94-95 

artificial  propagation,   167 

brood  fish,  238 

caecay  143 

catchable,  238 

classification,    176,    178 

color  change,  40 

culture,  166-168 

distribution,    176,    177 

eggs,   166,   173 

fertilization   of  eggs,    239-245 

field  of  vision,  89 

fry,  illustrated,  64 

golden,  29,  238 

hatchery-reared,   179,  240 

hatching  time,  183 

hearing,  loi 

High  Sierra,  41 

movement  of  eye,  92 

ovaries,  171 

oxygen  requirements,   148 

parr  marks,  44 

spawning,  159,  166,  167,  179- 

183^ 
speciation,  11 
steelhead,  177,   178 
structure,   47 
survival,  237,  240 
temperature  requirements,  148 
of  Test  River,  40 
transplantation,   237-239 
Trunk-fish,  23 
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Tuna,  206 

body  temperature,  208 

caeca,  143 

habitat,  206,  208,  209 

kite-lure,  207 

size,  208 

speed  of,  208 

Urinary  bladder,   152 
Urine  formation,  150,  151 

Vertebrae,  extra  in  humans,  11 
Vertebrate,  definition  of,  7 
Visual  sensations,  90 


Wallace,  Alfred  Russell,   13 
Weberian  ossicles,   129,   131 

illustrated,  130 
Weight-length  ratio,   170,   1 71 
Whale,    13 
Workers,    232 

Xyfhofhorusy  268 

Yield,  maximum  sustained,  224- 

225 
Yohimbine,  43 
Yolk-sac,  169 
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duction,"  BOSTON  TRANSCRIPT.   Index.  Classified  bibliography.  592pp.  53/8  x  8. 

T297  Paperbound  $2.00 

HISTORY  OF  ANCIENT  PHILOSOPHY,  W.  Windelband.  One  of  the  clearest,  most  accurate  com- 
prehensive surveys  of  Greek  and  Roman  philosophy.  Discusses  ancient  philosophy  in  general, 
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ILLUSTRATIONS  OF  THE  HISTORY  OF  MEDIEVAL  THOUGHT  AND  LEARNING,  R.  L.  Poole.  Basic 
analysis  of  the  thought  and  lives  of  the  leading  philosophers  and  ecclesiastics  from  the 
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53/8  x  8.  T674  Paperbound  $1.85 

PHILOSOPHY  AND  CIVILIZATION  IN  THE  MIDDLE  AGES,  M.  de  Wulf.  This  semi-popular  survey 
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monastic  centers,  and  similar  topics.  Unabridged.  Bibliography.  Index,  viii   +   320pp.  53/3  x  8. 
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AN  INTRODUCTION  TO  SCHOLASTIC  PHILOSOPHY,  Prof.  M.  de  Wulf.  Formerly  entitled  SCHO- 
LASTICISM OLD  AND  NEW,  this  volume  examines  the  central  scholastic  tradition  from  St. 
Anselm,  Albertus  Magnus,  Thomas  Aquinas,  up  to  Suarez  in  the  17th  century.  The  relation  of 
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A  HISTORY  OF  MODERN  PHILOSOPHY,  H.  Hoffding.  An  exceptionally  clear  and  detailed  coverage 
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THE  SYSTEM  OF  THOMAS  AQUINAS,  M.  de  Wulf.  Leading  Neo-Thomist,  one  of  founders  of 
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secular  may  be  reconciled.  Translation  and  introduction  by  J.  Sibree.  Introduction  by  G.  Hegel. 
Special  introduction  for  this  edition  by  Prof.  Carl  Friedrich.  xxxix  +  447pp.  53/8  x  8. 
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THE  PHILOSOPHY  OF  HEGEL,  W.  T.  Stace.  The  first  detailed  analysis  of  Hegel's  thought  In 
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pragmatism,  epistemology,  chance,  cosmology,  ethics,  and  many  other  topics  are  treated  by 
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analyzes  experience  on  basis  of  empirical  naturalism,  the  formulation  of  law,  role  of 
language  and  social  factors  in  knowledge;  etc.  Dewey's  treatment  of  central  problems  in 
philosophy  is  profound  but  extremely  easy  to  follow,  ix  +   448pp.  53/8  x  8. 

T471  Paperbound  $1.85 
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MIND  AND  THE  WORLD-ORDER,  C.  I.  Lewis.  Building  upon  the  work  of  Peirce,  James,  and 
Dewey,  Professor  Lewis  outlines  a  theory  of  knowledge  in  terms  of  "conceptual  pragmatism." 
Dividing  truth  into  abstract  mathematical  certainty  and  empirical  truth,  the  author'  demon- 
strates that  the  traditional  understanding  of  the  a  priori  must  be  abandoned.  Detailed 
analyses  of  philosophy,  metaphysics,  method,  the  "given"  in  experience,  knowledge  of  objects, 
nature  of  the  a  priori,  experience  and  order,  and  many  others.  Appendices,  xiv  +  446pp. 
5%  x  8.  T359  Paperbound  $1.95 

SCEPTICISM  AND  ANIMAL  FAITH,  G.  Santayana.  To  eliminate  difficulties  in  the  traditional 
theory  of  knowledge,  Santayana  distinguishes  between  the  independent  existence  of  objects 
and  the  essence  our  mind  attributes  to  them.  Scepticism  is  thereby  established  as  a  form  of 
belief,  and  animal  faith  is  shown  to  be  a  necessary  condition  of  knowledge.  Belief,  classical 
idealism,  intuition,  memory,  symbols,  literary  psychology,  and  much  more,  discussed  with 
unusual  clarity  and  depth.   Index,  xii   -I-   314pp.  53/8  x  8. 

T236  Paperbound  $1.50 

LANGUAGE  AND  MYTH,  E.  Cassirer.  Analyzing  the  non-rational  thought  processes  which  go  to 
make  up  culture,  Cassirer  demonstrates  that  beneath  both  language  and  myth  there  lies  a 
dominant  unconscious  "grammar"  of  experience  whose  categories  and  canons  are  not  those 
of  logical  thought.  His  analyses  of  seemingly  diverse  phenomena  such  as  Indian  metaphysics, 
the  Melanesian  "mana,"  the  Naturphilosophie  of  Schelling,  modern  poetry,  etc.,  are  profound 
without  being  pedantic.  Introduction  and  translation  by  Susanne  Langer.  Index,  x  +  103pp. 
53/8  x  8.  T51   Paperbound  $1.25 

SUBSTANCE  AND  FUNCTION,  EINSTEIN'S  THEORY  OF  RELATIVITY,  E.  Cassirer.  In  this  double- 
volume,  Cassirer  develops  a  philosophy  of  the  exact  sciences  that  is  historically  sound,  philo- 
sophically mature,  and  scientifically  impeccable.  Such  topics  as  the  concept  of  number,  space 
and  geometry,  non-Euclidean  geometry,  traditional  logic  and  scientific  method,  mechanism  and 
motion,  energy,  relational  concepts,  degrees  of  objectivity,  the  ego,  Einstein's  relativity,  and 
many  others  are  treated  in  detail.  Authorized  translation  by  W.  0.  and  M.  C.  Swabey.  xii  -f 
465pp.  53/8  x  8.  T50  Paperbound  $2.00 

*THE  ANALYSIS  OF  MATTER,  Bertrand  Russell.  A  classic  which  has  retained  its  importance  in 
understanding  the  relation  between  modern  physical  theory  and  human  perception.  Logical 
analysis  of  physics,  prerelativity  physics,  causality,  scientific  inference,  Weyl's  theory,  tensors, 
invariants  and  physical  interpretations,  periodicity,  and  much  more  is  treated  with  Russell's 
usual  brilliance.  "Masterly  piece  of  clear  thinking  and  clear  writing,"  NATION  AND  ATHENAE- 
UM. "Most  thorough  treatment  of  the  subject,"  THE  NATION.  Introduction.  Index.  8  figures, 
viii   +  408pp.  53/8  x  8.  T231  Paperbound  $1.95 

CONCEPTUAL  THINKING  (A  LOGICAL  INQUIRY),  S.  Korner.  Discusses  origin,  use  of  general 
concepts  on  which  language  is  based,  and  the  light  they  shed  on  basic  philosophical  ques- 
tions. Rigorously  examines  how  different  concepts  are  related;  how  they  are  linked  to  experi- 
ence; problems  of  the  field  of  contact  between  exact  logical,  mathematical,  and  scientific 
concepts,  and  the  inexactness  of  everyday  experience  (studied  at  length).  This  work  elab- 
orates many  new  approaches  to  the  traditional  problems  of  philosophy — epistemology,  value 
theories,  metaphysics,  aesthetics,  morality.  "Rare  originality  .  .  .  brings  a  new  rigour  into 
philosophical  argument,"  Philosophical  Quarterly.  New  corrected  second  edition.  Index,  vii 
+   301pp.  53/8  X  8  T516  Paperbound  $1.75 

INTRODUCTION  TO  SYMBOLIC  LOGIC,  S.  Langer.  No  special  knowledge  of  math  required  — 
probably  the  clearest  book  ever  written  on  symbolic  logic,  suitable  for  the  layman,  general 
scientist,  and  philosopher.  You  start  with  simple  symbols  and  advance  to  a  knowledge  of 
the  Boole-Schroeder  and  Russell-Whitehead  systems.  Forms,  logical  structure,  classes,  the 
calculus  of  propositions,  logic  of  the  syllogism,  etc.,  are  all  covered.  "One  of  the  clearest 
and  simplest  introductions,"  MATHEMATICS  GAZETTE.  Second  enlarged,  revised  edition.  368pp. 
53/8  X  8.  S164  Paperbound  $1.75 

LANGUAGE,  TRUTH  AND  LOGIC,  A.  J.  Ayer.  A  clear,  careful  analysis  of  the  basic  ideas  of 
Logical  Positivism.  Building  on  the  work  of  Schlick,  Russell,  Carnap,  and  the  Viennese  School, 
Mr.  Ayer  develops  a  detailed  exposition  of  the  nature  of  philosophy,  science,  and  metaphysics; 
the  Self  and  the  World;  logic  and  common  sense,  and  other  philosophic  concepts.  An  aid  to 
clarity  of  thought  as  well  as  the  first  full-length  development  of  Logical  Positivism  in  English. 
Introduction   by   Bertrand   Russell.    Index.    160pp.   53/8   x  8.  TIO  Paperbound  $1.25 

ESSAYS  IN  EXPERIMENTAL  LOGIC,  J.  Dewey.  Based  upon  the  theory  that  knowledge  implies  a 
judgment  which  in  turn  implies  an  inquiry,  these  papers  consider  the  inquiry  stage  in  terms 
of:  the  relationship  of  thought  and  subject  matter,  antecedents  of  thought,  data  and  mean- 
ings. 3  papers  examine  Bertrand  Russell's  thought,  while  2  others  discuss  pragmatism  and  a 
final  essay  presents  a  new  theory  of  the  logic  of  values.  Index,  viii   +  444pp.  53/8  x  8. 

T73  Paperbound  $1.95 

TRAGIC  SENSE  OF  LIFE,  M.  de  Unamuno.  The  acknowledged  masterpiece  of  one  of  Spain's 
most  influential  thinkers.  Between  the  despair  at  the  inevitable  death  of  man  and  all  his 
works  and  the  desire  for  something  better,  Unamuno  finds  that  "saving  incertitude"  that 
alone  can  console  us.  This  dynamic  appraisal  of  man's  faith  in  God  and  in  himself  has  been 
called   "a   masterpiece"   by  the   ENCYCLOPAEDIA   BRITANNICA.    xxx    +    332pp.   53/8    x   8. 

T257  Paperbound  $1.95 
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THE  SENSE  OF  BEAUTY,  6.  Santayana.  A  revelation  of  the  beauty  of  language  as  well  as  an  im- 
portant philosophic  treatise,  this  work  studies  the  "why,  when,  and  how  beauty  appears,  what 
conditions  an  object  must  fulfill  to  be  beautiful,  what  elements  of  our  nature  make  us 
sensible  of  beauty,  and  what  the  relation  is  between  the  constitution  of  the  object  and  the 
excitement  of  our  susceptibility."  "It  is  doubtful  if  a  better  treatment  of  the  subject  has 
since  been  published,"  PEABODY  JOURNAL.   Index,  ix  +  275pp.  53/8  x  8. 

T238  Paperbound  $1.00 

THE  IDEA  OF  PROGRESS,  J.  B.  Bury.  Practically  unknown  before  the  Reformation,  the  idea  of 
progress  has  since  become  one  of  the  central  concepts  of  western  civilization.  Prof.  Bury 
analyzes  its  evolution  in  the  thought  of  Greece,  Rome,  the  Middle  Ages,  the  Renaissance,  to 
its  flowering  in  all  branches  of  science,  religion,  philosophy,  industry,  art,  and  literature, 
during  and  following  the  16th  century.  Introduction  by  Charles  Beard.  Index,  xl  +  357pp. 
5%  X  8.  T40  Paperbound  $1.95 

HISTORY  OF  DOGMA,  A.  Harnack.  Adolph  Harnack,  who  died  in  1930,  was  perhaps  the  greatest 
Church  historian  of  all  time.  In  this  epoch-making  history,  which  has  never  been  surpassed 
in  comprehensiveness  and  wealth  of  learning,  he  traces  the  development  of  the  authoritative 
Christian  doctrinal  system  from  its  first  crystallization  in  the  4th  century  down  through  the 
Reformation,  including  also  a  brief  survey  of  the  later  developments  through  the  Infallibility 
decree  of  1870.  He  reveals  the  enormous  influence  of  Greek  thought  on  the  early  Fathers, 
and  discusses  such  topics  as  the  Apologists,  the  great  councils,  Manichaeism,  the  historical 
position  of  Augustine,  the  medieval  opposition  to  indulgences,  the  rise  of  Protestantism,  the 
relations  of  Luther's  doctrines  with  modern  tendencies  of  thought,  and  much  more.  "Monu- 
mental work;  still  the  most  valuable  history  of  dogma  .  .  .  luminous  analysis  of  the  prob- 
lems .  .  .  abounds  in  suggestion  and  stimulus  and  can  be  neglected  by  no  one  who  desires 
to  understand  the  history  of  thought  in  this  most  important  field,"  Dutcher's  Guide  to  Histori- 
cal Literature.  Translated  by  Neil  Buchanan.  Index.  Unabridged  reprint  in  4  volumes.  Vol  1: 
Beginnings  to  the  Gnostics  and  Marcion.  Vol  II  &  Mi:  2nd  century  to  the  4th  century  Fathers. 
Vol  IV  &  V:  4th  century  Councils  to  the  Carlovingian  Renaissance.  Vol  VI  &  VII:  Period  of 
Clugny  (c.  1000)  to  the  Reformation,  and  after.  Total  of  cii   4-  2407pp.  53/8  x  8. 

T904  Vol  I  Paperbound  $2.50 

T905  Vol  II  &  III    Paperbound  $2.50 
T906  Vol  IV  &  V     Paperbound  $2.50 
T907  Vol  VI  &  VII    Paperbound  $2.50 
The  set  $10.00 

THE  GUIDE  FOR  THE  PERPLEXED,  Maimonides.  One  of  the  great  philosophical  works  of  all 
time  and  a  necessity  for  everyone  interested  in  the  philosophy  of  the  Middle  Ages  in  the 
Jewish,  Christian,  and  Moslem  traditions.  Maimonides  develops  a  common  meeting-point  for  the 
Old  Testament  and  the  Aristotelian  thought  which  pervaded  the  medieval  world.  His  ideas  and 
methods  predate  such  scholastics  as  Aquinas  and  Scotus  and  throw  light  on  the  entire 
problem  of  philosophy  or  science  vs.  religion.  2nd  revised  edition.  Complete  unabridged 
Friedlander  translation.  55  page  introduction  to  Maimonides's  life,  period,  etc.,  with  an 
important  summary  of  the  GUIDE.  Index,  lix  +  414pp.  5Va  x  8.  T351  Paperbound  $1.85 

ASTROLOGY  AND  RELIGION  AMONG  THE  GREEKS  AND  ROMANS,  Franz  Cumont.  How  astrololgy 
developed,  spread,  and  took  hold  of  superior  intellects,  from  ancient  Babylonia  through 
Rome  of  the  fourth  century  A.D.  You  see  astrology  as  the  base  of  a  learned  theology,  the 
influence  of  the  Neo-Pythagoreans,  forms  of  oriental  mysteries,  the  devotion  of  the  emperors 
to  the  sun  cult  (such  as  the  Sol  Invictus  of  Aurelian),  and  much  more.  The  second  part 
deals  with  conceptions  of  the  world  as  formed  by  astrology,  the  theology  bound  up  with 
them,  and  moral  and  eschatological   ideas.   Introduction.   Index.  128pp.  53/8  x  8. 

T581  Paperbound  $1.35 

AFTER  LIFE  IN  ROMAN  PAGANISM,  Franz  Cumont.  Deepest  thoughts,  beliefs  of  epoch  be- 
tween republican  period  and  fall  of  Roman  paganism.  Contemporary  settings,  hidden  lore, 
sources  in  Greek,  Hebrew,  Egyptian,  prehistoric  thought.  Secret  teachings  of  mystery 
religions.  Hermetic  writings,  the  gnosis,  Pythagoreans,  Orphism;  sacrifices,  nether  world, 
immortality;  Hades,  problem  of  violent  death,  death  of  children;  reincarnation,  ecstacy, 
purification;  etc.  Introduction.  Index.  239pp.  53/8  x  8.  T573  Paperbound  $1.35 


History,  Political  Science,  Americana 

THE  POLITICAL  THOUGHT  OF  PLATO  AND  ARISTOTLE,  E.  Barker.  One  of  the  clearest  and  most 
accurate  expositions  of  the  corpus  of  Greek  political  thought.  This  standard  source  contains 
exhaustive  analyses  of  the  "Republic"  and  other  Platonic  dialogues  and  Aristotle's  "Politics" 
and  "Ethics,"  and  discusses  the  origin  of  these  ideas  in  Greece,  contributions  of  other  Greek 
theorists,  and  modifications  of  Greek  ideas  by  thinkers  from  Aquinas  to  Hegel.  "Must"  reading 
for  anyone  interested  in  the  history  of  Western  thought.  Index.  Chronological  Table  of  Events. 
2  Appendixes,  xxiv  +  560pp.  53/8  x  8.  T521  Paperbound  $1.85 
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THE  ANCIENT  GREEK  HISTORIANS,  J.  B.  Bury.  This  well  known,  easily  read  work  covers  the 
entire  field  of  classical  historians  from  the  early  writers  to  Herodotus,  Thucydides,  Xenophon, 
through  Poseidonius  and  such  Romans  as  Tacitus,  Cato,  Caesar,  Livy.  Scores  of  writers  are 
studied  biographically,  in  style,  sources,  accuracy,  structure,  historical  concepts,  and  influ- 
ences. Recent  discoveries  $uch  as  the  Oxyrhinchus  papyri  are  referred  to,  as  well  as  such 
great  scholars  as  Nissen,  Gomperz,  Cornford,  etc.  "Totally  unblemished  by  pedantry."  Outlook. 
"The  best  account  in  English,"  Dutcher,  A  Guide  to  Historical  Lit.  Bibliography,  Index. 
X    +    281pp.   53/8   X  8.  T397  Paperbound  $1.50 

HISTORY  OF  THE  LATER  ROMAN  EMPIRE,  J.  B.  Bury.  This  standard  work  by  the  leading 
Byzantine  scholar  of  our  time  discusses  the  later  Roman  and  early  Byzantine  empires  from 
395  A.D.  through  the  death  of  Justinian  in  565,  in  their  political,  social,  cultural,  theological, 
and  military  aspects.  Contemporary  documents  are  quoted  in  full,  making  this  the  most 
complete  reconstruction  of  the  period  and  a  fit  successor  to  Gibbon's  "Decline  and  Fall." 
"Most  unlikely  that  it  will  ever  be  superseded,"  Glanville  Downey,  Dumbarton  Oaks  Research 
Lib.   Geneological   tables.   5   maps.   Bibliography.    Index.   2   volumes   total   of   965pp.   5%   x  8, 

T398,  399  Two  volume  set,  Paperbound  $4.00 

A  HISTORY  OF  ANCIENT  GEOGRAPHY,  E.  H.  Bunbury.  Standard  study,  in  English,  of  ancient 
geography;  never  equalled  for  scope,  detail.  First  full  account  of  history  of  geography  from 
Greeks'  first  world  picture  based  on  mariners,  through  Ptolemy.  Discusses  every  important 
map,  discovery,  figure,  travel,  expedition,  war,  conjecture,  narrative,  bearing  on  subject. 
Chapters  on  Homeric  geography,  Herodotus,  Alexander  expedition,  Strabo,  Pliny,  Ptolemy, 
would  stand  alone  as  exhaustive  monographs.  Includes  minor  geographers,  men  not  usually 
regarded  in  this  context:  Hecataeus,  Pytheas,  Hipparchus,  Artemidorus,  Marihus  of  Tyre,  etc. 
Uses  information  gleaned  from  military  campaigns  such  as  Punic  Wars,  Hannibal's  passage  of 
Alps,  campaigns  of  Lucullus,  Pompey,  Caesar's  wars,  the  Trojan  War.  New  introduction  by 
W.  H.  Stahl,  Brooklyn  College.  Bibliography.  Index.  20  maps.  1426pp.  53/8  x  8. 

T570-1,  clothbound,  2-volume  set  $12.50 

THE  EYES  OF  DISCOVERY,  J.  Bakeless.  A  vivid  reconstruction  of  how  unspoiled  America 
appeared  to  the  first  white  men.  Authentic  and  enlightening  accounts  of  Hudson's  landing 
in  New  York,  Coronado's  trek  through  the  Southwest;  scores  of  explorers,  settlers,  trappers, 
soldiers.  America's  pristine  flora,  fauna,  and  Indians  in  every  region  and  state  in  fresh  and 
unusual  new  aspects.  "A  fascinating  view  of  what  the  land  was  like  before  the  first  highway 
went  through,"  Time.  68  contemporary  illustrations,  39  newly  added  in  this  edition.  Index. 
Bibliography,  x  +  500pp.  53/8  x  8.  T761  Paperbound  $2.00 

AUDUBON  AND  HIS  JOURNALS,  J.  J.  Audubon.  A  collection  of  fascinating  accounts  of  Europe  and 
America  in  the  early  1800's  through  Audubon's  own  eyes.  Includes  the  Missouri  River  Journals 
— an  eventful  trip  through  America's  untouched  heartland,  the  Labrador  Journals,  the  European 
Journals,  the  famous  "Episodes",  and  other  rare  Audubon  material,  including  the  descriptive 
chapters  from  the  original  letterpress  edition  of  the  "Ornithological  Studies",  omitted  in  all 
later  editions.  Indispensable  for  ornithologists,  naturalists,  and  all  lovers  of  Americana  and 
adventure.  70-page  biography  by  Audubon's  granddaughter.  38  illustrations.  Index.  Total  of 
1106pp.  53/8  X  8.  T675  Vol     I  Paperbound  $2.00 

T676  Vol   II  Paperbound  $2.00 
The  set  $4.00 

TRAVELS  OF  WILLIAM  BARTRAM,  edited  by  Mark  Van  Doren.  The  first  inexpensive  illustrated 
edition  of  one  of  the  18th  century's  most  delightful  books  is  an  excellent  source  of  first-hand 
material  on  American  geography,  anthropology,  and  natural  history.  Many  descriptions  of  early 
Indian  tribes  are  our  only  source  of  information  on  them  prior  to  the  infiltration  of  the  white 
man.  "The  mind  of  a  scientist  with  the  soul  of  a  poet,"  John  Livingston  Lowes.  13  original 
illustrations  and  maps.  Edited  with  an  introduction  by  Mark  Van  Doren.  448pp.  53/3  x  8. 

T13  Paperbound  $2.00 

GARRETS  AND  PRETENDERS:  A  HISTORY  OF  BOHEMIANISM  IN  AMERICA,  A.  Parry.  The  colorful 
and  fantastic  history  of  American  Bohemianism  from  Poe  to  Kerouac.  This  is  the  only 
complete  record  of  hoboes,  cranks,  starving  poets,  and  suicides.  Here  are  Pfaff,  Whitman, 
Crane,  Bierce,  Pound,  and  many  others.  New  chapters  by  the  author  and  by  H.  T.  Moore  bring 
this  thorough  and  well-documented  history  down  to  the  Beatniks.  "An  excellent  account," 
N.  Y.  Times.  Scores  of  cartoons,  drawings,  and  caricatures.  Bibliography.  Index,  xxviii  -f 
421pp.  55/8  X  83/8.  T708  Paperbound  $1.95 

POLITICAL  PARTIES,  Robert  Michels.  Classic  of  social  science,  reference  point  for  all  later 
work,  deals  with  nature  of  leadership  in  social  organization  on  government  and  trade 
union  levels.  Probing  tendency  of  oligarchy  to  replace  democracy,  it  studies  need  for  leader- 
ship, desire  for  organization,  psychological  motivations,  vested  interests,  hero  worship, 
reaction  of  leaders  to  power,  press  relations,  many  other  aspects.  Trans,  by  E.  &  C.  Paul. 
Introduction.  447pp.  53/8  x  8.  T569  Paperbound  $2.00 

THE  EXPLORATION  OF  THE  COLORADO  RIVER  AND  ITS  CANYONS,  J.  W.  Powell.  The  thrilling  first- 
hand account  of  the  expedition  that  filled  in  the  last  white  space  on  the  map  of  the  United 
States.  Rapids,  famine,  hostile  Indians,  and  mutiny  are  among  the  perils  encountered  as  the 
unknown  Colorado  Valley  reveals  its  secrets.  This  is  the  only  uncut  version  of  Major  Powell's 
classic  of  exploration  that  has  been  printed  in  the  last  60  years.  Includes  later  reflections 
and  subsequent  expedition.  250  illustrations,  new  map.  400pp.  5%  x  8%. 

«  T94  Paperbound  $2.00 
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FARES,  PLEASE!  by  J.  A.  Miller.  Authoritative,  comprehensive,  and  entertaining  history  of 
local  public  transit  from  its  inception  to  its  most  recent  developments:  trolleys,  horsecars, 
streetcars,  buses,  elevateds,  subways,  along  with  monorails,  "road-railers,"  and  a  host  of 
other  extraordinary  vehicles.  Here  are  all  the  flamboyant  personalities  involved,  the  vehement 
arguments,  the  unusual  information,  and  all  the  nostalgia,  "interesting  facts  brought  into 
especially  vivid  life,"  N.  Y.  Times.  New  preface.  152  illustrations,  4  new.  Bibliography,  xix  + 
204pp.  53/8  X  8.  T671   Paperbound  $1.50 

GARDNER'S  PHOTOGRAPHIC  SKETCH  BOOK  OF  THE  CIVIL  WAR,  Alexander  Gardner.  The  first 
published  collection  of  Civil  War  photographs,  by  one  of  the  two  or  three  most  famous 
photographers  of  the  era,  outstandingly  reproduced  from  the  original  positives.  Scenes  of 
crucial  battles:  Appomattox,  Manassas,  Mechanicsville,  Bull  Run,  Yorktown,  Fredericksburg, 
etc.  Gettysburg  immediately  after  retirement  of  forces.  Battle  ruins  at  Richmond,  Petersburg, 
Gaines'Mill.  Prisons,  arsenals,  a  slave  pen,  fortifications,  headquarters,  pontoon  bridges, 
soldiers,  a  field  hospital.  A  unique  glimpse  into  the  realities  of  one  of  the  bloodiest  wars 
In  history,  with  an  introductory  text  to  each  picture  by  Gardner  himself.  Until  this  edition, 
there  were  only  five  known  copies  in  libraries,  and  fewer  in  private  hands,  one  of  which  sold 
at  auction  in  1952  for  $425.  Introduction  by  E.  F.  Bleiler.  100  full  page  7  x  10  photographs 
(original  size).  224pp.  8V2  x  10%.  T476  Clothbound  $6.00 

Art,  History  of  Art, 
Graphic  Arts,  Handcrafts 

ART  STUDENTS'  ANATOMY,  E.  J.  Farris.  Outstanding  art  anatomy  that  uses  chiefly  living  objects 
for  its  illustrations.  71  photos  of  undraped  man,  woman,  and  child  are  accompanied  by  care- 
fully labeled  matching  sketches  to  illustrate  the  skeletal  system,  articulations  and  movements, 
bony  landmarks,  the  muscular  system,  skin,  fasciae,  fat,  etc.  9  x-ray  photos  show  movement 
of  joints.  Undraped  models  are  shown  in  such  actions  as  serving  in  tennis,  drawing  a  bow 
in  archery,  playing  football,  dancing,  preparing  to  spring  and  to  dive.  Also  discussed  and 
illustrated  are  proportions,  age  and  sex  differences,  the  anatomy  of  the  smile,  etc.  8  plates 
by  the  great  early  18th  century  anatomic  illustrator  Siegfried  Albinus  are  also  included. 
Glossary.  158  figures,  7  in  color,  x  +   159pp.  55/8  x  83/8.  T744  Paperbound  $1.45 

AN  ATLAS  OF  ANATOMY  FOR  ARTISTS,  F  Schider.  A  new  3rd  edition  of  this  standard  text  en- 
larged by  52  new  illustrations  of  hands,  anatomical  studies  by  Cloquet,  and  expressive  life 
studies  of  the  body  by  Barcsay.  189  clear  detailed  plates  offer  you  precise  information  of 
impeccable  accuracy.  29  plates  show  all  aspects  of  the  skeleton,  with  closeups  of  special 
areas,  while  54  full-page  plates,  mostly  in  two  colors,  give  human  musculature  as  seen  from 
four  different  points  of  view,  with  cutaways  for  important  portions  of  the  body.  14  full- 
page  plates  provide  photographs  of  hand  forms,  eyelids,  female  breasts,  and  indicate  the 
location  of  muscles  upon  models.  59  additional  plates  show  how  great  artists  of  the  past 
utilized  human  anatomy.  They  reproduce  sketches  and  finished  work  by  such  artists  as 
Michelangelo,  Leonardo  da  Vinci,  Goya,  and  15  others.  This  is  a  lifetime  reference  work 
which  will  be  one  of  the  most  important  books  in  any  artist's  library.  "The  standard  refer- 
ence tool,"  AMERICAN  LIBRARY  ASSOCIATION.  "Excellent,"  AMERICAN  ARTIST.  Third  enlarged 
edition.  189  plates,  647  illustrations,  xxvi   +  192pp.  77/8  x  105/8.  T241  Clothbound  $6.00 

AN   ATLAS   OF   ANIMAL   ANATOMY   FOR   ARTISTS,   W.    Ellenberger,    H.    Baum,    H.   Dittrich.   The 

largest,  richest  animal  anatomy  for  artists  available  in  English.  99  detailed  anatomical  plates 
of  such  animals  as  the  horse,  dog,  cat,  lion,  deer,  seal,  kangaroo,  flying  squirrel,  cow,  bull, 
goat,  monkey,  hare,  and  bat.  Surface  features  are  clearly  indicated,  while  progressive  be- 
neath-the-skin  pictures  show  musculature,  tendons,  and  bone  structure.  Rest  and  action  are 
exhibited  in  terms  of  musculature  and  skeletal  structure  and  detailed  cross-sections  are 
given-  for  heads  and  important  features.  The  animals  chosen  are  representative  of  specific 
families  so  that  a  study  of  these  anatomies  will  provide  knowledge  of  hundreds  of  related 
species.  "Highly  recommended  as  one  of  the  very  few  books  on  the  subject  worthy  of  being 
used  as  an  authoritative  guide,"  DESIGN.  "Gives  a  fundamental  knowledge,"  AMERICAN 
ARTIST.  Second  revised,  enlarged  edition  with  new  plates  from  Cuvier,  Stubbs,  etc.  288 
illustrations.  153pp.  11%  x  9.  T82  Clothbound  $6.00 

THE  HUMAN  FIGURE  IN  MOTION.  Eadweard  Muybridge.  The  largest  selection  in  print  of 
Muybridge's  famous  high-speed  action  photos  of  the  human  figure  in  motion.  4789  photographs 
illustrate  162  different  actions:  men,  women,  children — mostly  undraped — are  shown  walking, 
running,  carrying  various  objects,  sitting,  lying  down,  climbing,  throwing,  arising,  and  per- 
forming over  150  other  actions.  Some  actions  are  shown  in  as  many  as  150  photographs 
each.  All  in  all  there  are  more  than  500  action  strips  in  this  enormous  volume,  series  shots 
taken  at  shutter  speeds  of  as  high  as  l/6000th  of  a  second!  These  are  not  posed  shots,  but 
true  stopped  motion.  They  show  bone  and  muscle  in  situations  that  the  human  eye  is  not 
fast  enough  to  capture.  Earlier,  smaller  editions  of  these  prints  have  brought  $40  and  more 
on  the  out-of-print  market.  "A  must  for  artists,"  ART  IN  FOCUS.  "An  unparalleled  dictionary 
of  action  for  all  artists,"  AMERICAN  ARTIST.  390  full-page  plates,  with  4789  photographs. 
Printed  on  heavy  glossy  stock.  Reinforced  binding  with  headbands.  7%  x  105/fe. 

T204  Clothbound  $10.00 
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ANIMALS  IN  MOTION,  Eadweard  Muybridge.  This  is  the  largest  collection  of  animal  action 
photos  in  print.  34  different  animals  (horses,  mules,  oxen,  goats,  camels,  pigs,  cats,  guanacos, 
lions  gnus,  deer,  monkeys,  eagles— and  21  others)  in  132  characteristic  actions.  The  horse 
alone  is  shown  in  more  than  40  different  actions.  All  3919  photographs  are  taken  in  series 
at  speeds  up  to  l/6000th  of  a  second.  The  secrets  of  leg  motion,  spinal  patterns,  head  move- 
ments, strains  and  contortions  shown  nowhere  else  are  captured.  You  will  see  exactly  how 
a  lion  sets  his  foot  down;  how  an  elephant's  knees  are  like  a  human's — and  how  they  differ; 
the  position  of  a  kangaroo's  legs  in  mid-leap;  how  an  ostrich's  head  bobs;  details  of  the 
flight  of  birds — and  thousands  of  facets  of  motion  only  the  fastest  cameras  can  catch. 
Photographed  from  domestic  animals  and  animals  in  the  Philadelphia  zoo,  it  contains  neither 
semiposed  artificial  shots  nor  distorte.d  tielephoto  shots  taken  under  adverse  conditions. 
Artists  biologists,  decorators,  cartoonists,  will  find  this  book  indispensable  for  understanding 
animals  in  motion.  "A  really  marvelous  series  of  plates,"  NATURE  (London).  "The  dry  plate's 
most  spectacular  early  use  was  by  Eadweard  Muybridge,"  LIFE.  3919  photographs;  380  full 
pages  of  plates.  440pp.  Printed  on  heavy  glossy  paper.  Deluxe  binding  with  headbands. 
77/8  x  105/8.  T203  Clothbound  $10.00 

THE  HUMAN  FIGURE,  J.  H.  Vanderpoel.  Every  important  artistic  element  of  the  human  figure 
is  pointed  out  in  minutely  detailed  word  descriptions  in  this  classic  text  and  illustrated  as 
well  in  430  pencil  and  charcoal  drawings.  Thus  the  text  of  this  book  directs  your  attention 
to  all  the  characteristic  features  and  subtle  differences  of  the  male  and  female  (adults, 
children,  and  aged  persons),  as  though  a  master  artist  were  telling  you  what  to  look  for  at 
each  stage.  2nd  edition,  revised  and  enlarged  by  George  Bridgman.  Foreword.  430  illustrations. 
143pp.  6V8  x  91/4.  '''432  Paperbound  $1.45 

ANIMAL  DRAWING:  ANATOMY  AND  ACTION  FOR  ARTISTS,  C.  R.  Knight.  The  author  and  illus- 
trator of  this  work  was  "the  most  distinguished  painter  of  animal  life."  This  extensive 
course  in  animal  drawing  discusses  musculature,  bone  structure,  animal  psychology,  move- 
ments, habits,  habitats.  Innumerable  tips  on  proportions,  light  and  shadow  play,  coloring, 
hair  formation,  feather  arrangement,  scales,  how  anmials  lie  down,  animal  expressions,  etc., 
from  great  apes  to  birds.  Pointers  on  avoiding  gracelessness  in  horses,  deer;  on  introducing 
proper  power  and  bulk  to  heavier  animals;  on  giving  proper  grace  and  subtle  expression  to 
members  of  the  cat  family.  Originally  titled  "Animal  Anatomy  and  Psychology  for  the  Artist 
and  Layman."  Over  123  illustrations.   149pp.  SVa  x  IOV2.  T426  Paperbound  $2.00 

PRINCIPLES  OF  ART  HISTORY,  H.  Wblfflin.  Analyzing  such  terms  as  "baroque,"  "classic," 
"neoclassic,"  "primitive,"  "picturesque,"  and  164  different  works  by  artists  like  Botticelli, 
van  Cleve,  Diirer,  Hobbema,  Holbein,  Hals,  Rembrandt,  Titian,  Brueghel,  Vermeer,  and  many 
others,  the  author  establishes  the  classifications  of  art  history  and  style  on  a  firm,  concrete 
basis.  This  classic  of  art  criticism  shows  what  really  occurred  between  the  14th  century 
primitives  and  the  sophistication  of  the  18th  century  in  terms  of  basic  attitudes  and  philoso- 
phies "A  remarkable  lesson  in  the  art  of  seeing,"  SAT.  REV.  OF  LITERATURE.  Translated  from 
the   7th   German   edition.    150   illustrations.   254pp.   SVe   x   91/4.  T276  Paperbound  $2.00 

THE  MATERIALS  AND  TECHNIOUES  OF  MEDIEVAL  PAINTING,  D.  V.  Thompson.  Based  on  years 
of  study  of  medieval  manuscripts  and  laboratory  analysis  of  medieval  pamtings,  this  book 
discusses  carriers  and  grounds,  binding  media,  pigments,  metals  used  in  painting,  etc.  Con- 
siders relative  merits  of  painting  al  fresco  and  al  secco,  the  procession  of  coloring  materials 
burnishing,  and  many  other  matters.  Preface  by  Bernard  Berenson.   Index.  239pp.  53/8  x  8. 

T327  Paperbound  $1.85 

THE  CRAFTSMAN'S  HANDBOOK,  Cennino  Cennini.  This  is  considered  the  finest  English  transla- 
tion of  IL  LIBRO  DELL'  ARTE,  a  15th  century  Florentine  introduction  to  art  technique.  It  is 
both  fascinating  reading  and  a  wonderful  mirror  of  another  culture  for  artists,  art  students, 
historians,  social  scientists,  or  anyone  interested  in  details  of  life  some  500  years  ago.  While 
it  is  not  an  exact  recipe  book,  it  gives  directions  for  such  matters  as  tinting  papers,  gilding 
stone  preparation  of  various  hues  of  black,  and  many  other  useful  but  nearly  forgotten  facets 
of  the  painter's  art.  As  a  human  document  reflecting  the  ideas  of  a  practising  medieval  artist 
it  is  particularly  important.  4  illustrations,  xxvii  4-  142pp.  D.  V.  Thompson  translator. 
6V8  X  91/4.  '^^^  Paperbound  $1.25 

VASARI  ON  TECHNIQUE,  G.  Vasari.  Pupil  of  Michelangelo  and  outstanding  biographer  of  the 
Renaissance  artists,  Vasari  also  wrote  this  priceless  treatise  on  the  technical  methods  of  the 
painters,  architects,  and  sculptors  of  his  day.  This  is  the  only  English  translation  of  this 
practical,  informative,  and  highly  readable  work.  Scholars,  artists,  and  general  readers  will 
welcome  these  authentic  discussions  of  marble  statues,  bronze,  casting,  fresco  painting,  oil 
painting  engraving,  stained  glass,  rustic  fountains  and  grottoes,  etc.  Introduction  and  notes 
by  G    B.  Brown.   Index.  18  plates,  11  figures,  xxiv   +   328pp.   5^/8  x  8. 

T717  Paperbound  $2.00 

HAWTHORNE  ON  PAINTING.  A  vivid  recreation,  from  students'  notes,  of  instruction  by  Charles 
W.  Hawthorne,  given  for  over  31  years  at  his  famous  Cape  Cod  School  of  Art.  Divided  into 
sections  on  the  outdoor  model,  still  life,  landscape,  the  indoor  model,  and  water  color,  each 
section  begins  with  a  concise  essay,  followed  by  epigrammatic  comments  on  color,  form, 
seeing,  etc.  Not  a  formal  course,  but  comments  of  a  great  teacher-painter  on  specific  student 
works,  which  will  solve  problems  in  your  own  painting  and  understanding  of  art.  "An  excel- 
lent introduction  for  laymen  and  students  alike,"  Time.   Introduction.   100pp.  53/8  x  8. 

T653  Paperbound  $1.00 
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METHODS  AND  MATERIALS  OF  PAINTING  OF  THE  GREAT  SCHOOLS  AND  MASTERS,  C.  L.  Eastlake. 

A  vast,  complete,  and  authentic  reconstruction  of  the  secret  techniques  of  the  masters  of 
painting,  collected  from  hundreds  of  forgotten  manuscripts  by  the  eminent  President  of  the 
British  Royal  Academy:  Greek,  Roman,  and  medieval  techniques;  fresco  and  tempera;  varnishes 
and  encaustics;  the  secrets  of  Leonardo,  Van  Eyck,  Raphael,  and  many  others.  Art  historians, 
students,  teachers,  critics,  and  laymen  will  gain  new  insights  into  the  creation  of  the  great 
masterpieces;  while  artists  and  craftsmen  will  have  a  treasury  of  valuable  techniques.  Index 
Two  volume  set.  Total  of  1025pp.  53/8  x  8.  T718  Paperbound  $2.00 

T719  Paperbound  $2.00 
The  set  $4.00 

AFRICAN  SCULPTURE,  Ladislas  Segy.  First  publication  of  a  new  book  by  the  author  of  critically 
acclaimed  AFRICAN  SCULPTURE  SPEAKS.  It  contains  163  full  page  plates  illustrating  masks, 
fertility  figures,  ceremonial  objects,  etc.,  representing  the  culture  of  50  tribes  of  West 
and  Central  Africa.  Over  859r  of  these  works  of  art  have  never  been  illustrated  before,  and 
each  is  an  authentic  and  fascinating  tribal  artifact.  A  34  page  introduction  explains  the 
anthropological,  psychological,  and  artistic  values  of  African  sculpture.  "Mr.  Segy  is  one  of 
its  top  authorities,"  NEW  YORKER.  164  full-page  photographic  plates.  Bibliography.  244pp. 
6x9.  T396  Paperbound  $2.00 

PRIMITIVE  ART,  Franz  Boas.  This  authoritative  and  exhaustive  work  by  a  great  American 
anthropologist  covers  the  entire  gamut  of  primitive  art.  Pottery,  leatherwork,  metal  work, 
stone  work,  wood,  basketry,  are  treated  in  detail.  Theories  of  primitive  art,  historical  depth 
in  art  history,  technical  virtuosity,  unconscious  levels  of  patterning,  symbolism,  styles,  litera- 
ture, music,  dance,  etc.  A  must  book  for  the  interested  layman,  the  anthropologist,  artist, 
handicrafter  (hundreds  of  unusual  motifs),  and  the  historian.  Over  900  illustrations  (50 
ceramic  vessels,  12  totem  poles,  etc.).  376pp.  53/8  x  8.  T25  Paperbound  $1.95 

DESIGN  MOTIFS  OF  ANCIENT  MEXICO,  J.  Enciso.  This  unique  collection  of  pre-Columbian 
stamps  for  textiles  and  pottery  contains  766  superb  designs  from  Aztec,  Olmec,  Totonac, 
Maya,  and  Toltec  origins.  Plumed  serpents,  calendrical  elements,  wind  gods,  animals,  flowers, 
demons,  dancers,  monsters,  abstract  ornament,  and  other  designs.  More  than  90%  of  these 
illustrations  are  completely  unobtainable  elsewhere.  Use  this  work  to  bring  new  barbaric 
beauty  into  your  crafts  or  drawing.  Originally  417.50.  Printed  in  three  colors.  765  illustra- 
tions, thousands  of  motifs.  192pp.  77/8  x  103/4.  T84  Paperbound  $1,85 

DECORATIVE  ART  OF  THE  SOUTHWEST  INDIANS,  D.  S.  Sides.  A  magnificent  album  of  authentic 
designs  (both  pre-  and  post-Conquest)  from  the  pottery,  textiles,  and  basketry  of  the  Navaho, 
Hopi,  Mohave,  Santo  Domingo,  and  over  20  other  Southwestern  groups.  Designs  include  birds, 
clouds,  butterflies,  quadrupeds,  geometric  forms,  etc.  A  valuable  book  for  folklorists,  and  a 
treasury  for  artists,  designers,  advertisers,  and  craftsmen,  who  may  use  without  payment  or 
permission  any  of  the  vigorous,  colorful,  and  strongly  rhythmic  designs.  Aesthetic  and 
archeological  notes.  50  plates.  Bibliography  of  over  50  items.  T139  Paperbound  $1.00 

PAINTING  IN  THE  FAR  EAST,  Laurence  BInyon.  Excellent  introduction  by  one  of  greatest 
authorities  on  subject  studies  1500  years  of  oriental  art  (China,  Japan;  also  Tibet,  Persia), 
over  250  painters.  Examines  works,  schools,  influence  of  Wu  Tao-tzu,  Kanaoka,  Toba  Sojo, 
Masanobu,  Okio,  etc.;  early  traditions;  Kamakura  epoch;  the  Great  Decorators;  T'ang  Dynasty; 
Matabei,  beginnings  of  genre;  Japanese  woodcut,  color  print;  much  more,  all  chronological, 
in  cultural  context.  42  photos.  Bibliography.  317pp.  6  x  9V4.  T520  Paperbound  $2.00 

ON  THE  LAWS  OF  JAPANESE  PAINTING,  H.  Bowie.  This  unusual  book,  based  on  9  years  of 
profound  study-experience  in  the  Late  Kano  art  of  Japan,  remains  the  most  authentic  guide  in 
English  to  the  spirit  and  technique  of  Japanese  painting.  A  wealth  of  interesting  and  useful 
data  on  control  of  the  brush;  practise  exercises;  manufacture  of  ink,  brushes,  colors;  the  use 
of  various  lines  and  dots  to  express  moods.  It  is  the  best  possible  substitute  for  a  series 
of  lessons  from  a  great  oriental  master.  66  plates  with  220  illustrations.  Index,  xv  +  177pp. 
61/8  X  91/4.  T30  Paperbound  $1.95 

JAPANESE  HOMES  AND  THEIR  SURROUNDINGS,  E.  S.  Morse.  Every  aspect  of  the  purely  tradi- 
tional Japanese  home,  from  general  plan  and  major  structural  features  to  ceremonial  and 
traditional  appointments — tatami,  hibachi,  shoji,  tokonoma,  etc.  The  most  exhaustive  dis- 
cussion in  English,  this  book  is  equally  honored  for  its  strikingly  modern  conception  of 
architecture.  First  published  in  1886,  before  the  contamination  of  the  Japanese  traditions,  it 
preserves  the  authentic  features  of  an  ideal  of  construction  that  is  steadily  gaining  devotees 
in  the  Western  world.  307  illustrations  by  tne  author.  Index.  Glossary,  xxxvi  +  372pp. 
55/8  X  83/8.  T746  Paperbound  $2.00 

FOUNDATIONS  OF  MODERN  ART,  A.  Ozenfant.  An  illuminating  discussion  by  a  great  artist  of 
the  interrelationship  of  all  forms  of  human  creativity,  from  painting  to  science,  writing  to 
religion.  The  creative  process  is  explored  in  all  facets  of  art,  from  paleolithic  cave  painting 
to  modern  French  painting  and  architecture,  and  the  great  universals  of  art  are  isolated. 
Expressing  its  countless  insights  in  aphorisms  accompanied  by  carefully  selected  illustrations, 
this  book  is  itself  an  embodiment  in  prose  of  the  creative  process.  Enlarged  by  4  new  chap- 
ters. 226  illustrations.  368pp.  6V8  x  9V4.  T215  Paperbound  $1.95 
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BYZANTINE  ART  AND  ARCHAEOLOGY,  0.  M.  Dalton.  Still  the  most  thorough  work  in  English- 
both  in  breadth  and  in  depth — on  the  astounding  multiplicity  of  Byzantine  art  forms  through- 
out Europe,  North  Africa,  and  Western  Asia  from  the  4th  to  the  15th  century.  Analyzes 
hundreds  of  individual  pieces  from  over  160  public  and  private  museums,  libraries,  and 
collections  all  over  the  world.  Full  treatment  of  Byzantine  sculpture,  painting,  mosaic,  jewelry, 
textiles,  etc.,  including  historical  development,  symbolism,  and  aesthetics.  Chapters  on 
iconography  and  ornament.  Indispensable  for  study  of  Christian  symbolism  and  medieval  art. 
457  illustrations,  rrwny  full-page.  Bibliography  of  over  2500  references.  4  Indexes,  xx  -I- 
727pp.  61/8  X  91/4.  T776  Clothbound  $7.50 

METALWORK  AND  ENAMELLING,  H.  Maryon.  This  is  probably  the  best  book  ever  written  on 
the  subject.  Prepared  by  Herbert  Maryon,  F.S.A.,  of  the  British  Museum,  it  tells  everything 
necessary  for  home  manufacture  of  jewelry,  rings,  ear  pendants,  bowls,  and  dozens  of  other 
objects.  Clearly  written  chapters  provide  precise  information  on  such  topics  as  materials, 
tools,  soldering,  filigree,  setting  stones,  raising  patterns,  spinning  metal,  repouss§  work, 
hinges  and  joints,  metal  inlaying,  damascening,  overlaying,  niello,  Japanese  alloys,  enamelling, 
cloisonn6,  painted  enamels,  casting,  polishing  coloring,  assaying,  and  dozens  of  other  tech- 
niques. This  is  the  next  best  thing  to  apprenticeship  to  a  master  metalworker.  363  photographs 
and  figures.  374pp.  5V2  x  8V2.  T183  Clothbound  $8.00 

SILK  SCREEN  TECHNIQUES,  J.  I.  Biegeleisen,  Max  A.  Cohn.  A  complete-to-the-last-detail 
copiously  illustrated  home  course  in  this  fast  growing  modern  art  form.  Full  directions  for 
building  silk  screen  out  of  inexpensive  materials;  explanations  of  five  basic  methods  of 
stencil  preparation — paper,  blockout,  tusche,  film,  photographic — and  effects  possible:  light 
and  shade,  washes,  dry  brush,  oil  paint  type  impastos,  gouaches,  pastels.  Detailed  coverage 
of  multicolor  printing,  illustrated  by  proofs  showing  the  stages  of  a  4  color  print.  Special 
section  on  common  difficulties.  149  illustrations,  8  in  color.  Sources  of  supply,  xiv  +  187pp. 
6V8  X  9V4.  T433  Paperbound  $1.55 

A  HANDBOOK  OF  WEAVES,  G.  H.  Oelsner.  Now  back  in  print!  Probably  the  most  complete  book 
of  weaves  ever  printed,  fully  explained,  differentiated,  and  illustrated.  Includes  plain  weaves; 
irregular,  double-stitched,  and  filling  satins;  derivative,  basket,  and  rib  weaves;  steep,  undu- 
lating, broken,  offset,  corkscrew,  interlocking,  herringbone,  and  fancy  twills;  honeycomb,  lace, 
and  crepe  weaves;  tricot,  matelass6,  and  montagnac  weaves;  and  much  more.  Translated  and 
revised  by  S.  S.  Dale,  with  supplement  on  the  analysis  of  weaves  and  fabrics.  1875  illustra- 
tions, vii   +  402pp.  6  x  91/4.  T209  Clothbound  $5.00 

THE  STANDARD  BOOK  OF  QUILT  MAKING  AND  COLLECTING,  Marguerite  Ickis.  A  complete  easy- 
to-follow  guide  with  all  the  information  you  need  to  make  beautiful,  useful  quilts.  How  to 
plan,  design,  cut,  sew,  applique,  avoid  sewing  problems,  use  rag  bag,  make  borders,  tuft, 
every  other  aspect.  Over  100  traditional  quilts  shown,  including  over  40  full-size  patterns. 
No  better  book  on   the  market.   Index.  483   illus.   1   color  plate.  287pp.   63/4   x  9V2. 

T582  Paperbound  $2.00 

DESIGN  FOR  ARTISTS  AND  CRAFTSMEN,  L.  Wolchonok.  The  most  thorough  course  ever  prepared 
on  the  creation  of  art  motifs  and  designs.  It  teaches  you  to  create  your  own  designs  out  of 
things  around  you  —  from  geometric  patterns,  plants,  birds,  animals,  humans,  landscapes, 
and  man-made  objects.  It  leads  you  step  by  step  through  the  creation  of  more  than  1300 
designs,  and  shows  you  how  to  create  design  that  is  fresh,  well-founded,  and  original.  Mr. 
Wolchonok,  whose  text  is  used  by  scores  of  art  schools,  shows  you  how  the  same  idea  can 
be  developed  into  many  different  forms,  ranging  from  near  representationalism  to  the  most 
advanced  forms  of  abstraction.  The  material  in  this  book  is  entirely  new,  and  combines  full 
awareness  of  traditional  design  with  the  work  of  such  men  as  Miro,  Leger,  Picasso,  Moore,  and 
others.  113  detailed  exercises,  with  instruction  hints,  diagrams,  and  details  to  enable  you  to 
apply  Wolchonok's  methods  to  your  own  work.  "A  great  contribution  to  the  field  of  design 
and  crafts,"  N.  Y.  SOCIETY  OF  CRAFTSMEN.  More  than  1300  illustrations,  xv  +  207pp. 
7%  X  103/4.  T274  Clothbound  $4.95 

BASIC  BOOKBINDING,  A.  W.  Lewis.  Enables  the  beginner  and  the  expert  to  apply  the  latest 
and  most  simplified  techniques  to  rebinding  old  favorites  and  binding  new  paperback  books. 
Complete  lists  of  all  necessary  materials  and  guides  to  the  selection  of  proper  tools,  paper, 
glue,  boards,  cloth,  leather,  or  sheepskin  covering  fabrics,  lettering  inks  and  pigments,  etc. 
You  are  shown  how  to  collate  a  book,  sew  it,  back  it,  trim  it,  make  boards  and  attach  them 
in  easy  step-by-step  stages.  Author's  preface.  261  illustrations  with  appendix.  Index, 
xi    +    144pp.   53/8  x  8.  T169  Paperbound  $1.35 

THE  UNIVERSAL  PENMAN,  George  Bickham.  This  beautiful  book,  which  first  appeared  in 
1743,  is  the  largest  collection  of  calligraphic  specimens,  flourishes,  alphabets,  and  calli- 
graphic illustrations  ever  published.  212  full-page  plates  are  drawn  from  the  work  of  such 
18th  century  masters  of  English  roundhand  as  Dove,  Champion,  Bland,  and  20  others.  They 
contain  22  complete  alphabets,  over  2,000  flourishes,  and  122  illustrations,  each  drawn  with 
a  stylistic  grace  impossible  to  describe.  This  book  is  invaluable  to  anyone  interested  in  the 
beauties  of  calligraphy,  or  to  any  artist,  hobbyist,  or  craftsman  who  wishes  to  use  the  very 
best  ornamental  handwriting  and  flourishes  for  decorative  purposes.  Commercial  artists,  ad- 
vertising artists,  have  found  it  unexcelled  as  a  source  of  material  suggesting  quality.  "An 
essential  part  of  any  art  library,  and  a  book  of  permanent  value,"  AMERICAN  ARTIST.  212 
plates.  224pp.  9  x  133/4.  T20  Clothbound  $10.00 
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LETTERING  AND  ALPHABETS,  J.  A.  Cavanagh.  This  unabridged  reissue  of  LETTERING  offers  a 
full  discussion,  analysis,  illustration  of  89  basic  hand  lettering  styles  —  styles  derived  from 
Caslons,  Bodonis,  Garamonds,  Gothic,  Black  Letter,  Oriental,  and  many  others.  Upper  and 
lower  cases,  numerals  and  common  signs  pictured.  Hundreds  of  technical  hints  on  make-up, 
construction,  artistic  validity,  strokes,  pens,  brushes,  white  areas,  etc.  May  be  reproduced 
without  permission!  89  complete  alphabets;   72   lettered  specimens.   121pp.   93/4   x  8. 

T53  Paperbound  $1.25 

DECORATIVE  ALPHABETS  AND  INITIALS,  ed.  by  Alexander  Nesbitt.  No  payment,  no  permission 
to  reproduce  any  one  of  these  3924  different  letters,  covering  1000  years.  Crisp,  clear 
letters  all  in  line,  from  Anglo-Saxon  mss.,  Luebeck  Cathedral,  15th  century  Augsburg;  the 
work  of  Diirer,  Holbein,  Cresci;  Beardsley,  Rossing  Wadsworth,  John  Moylin,  etc.  Every 
imaginable  style.  91  complete  alphabets.   123  full-page  plates.  192pp.  73/4  x  103/4. 

T544  Paperbound  $2.25 

THREE  CLASSICS  OF  ITALIAN  CALLIGRAPHY,  edited  by  Oscar  Ogg.  Here,  combined  in  a  single 
volume,  are  complete  reproductions  of  three  famous  calligraphic  works  written  by  the  greatest 
writing  masters  of  the  Renaissance;  Arrighis  OPERINA  and  IL  MODO,  Tagliente's  LO  PRESENTE 
LIBRO,  and  Palatino's  LIBRO  NUOVO.  These  books  present  more  than  200  complete  alphabets 
and  thousands  of  lettered  specimens.  The  basic  hand  is  Papal  Chancery,  but  scores  of  other 
alphabets  are  also  given:  European  and  Asiatic  local  alphabets,  foliated  and  art  alphabets, 
scrolls,  cartouches,  borders,  etc.  Text  is  in  Italian.  Introduction.  245  plates,  x  +  272pp. 
6V8  X  91/4.  T212  Paperbound  $2.25 

CALLIGRAPHY,  J.  G.  Schwandner.  One  of  the  legendary  books  in  the  graphic  arts,  copies  of 
which  brought  $500  each  on  the  rare  book  market,  now  reprinted  for  the  first  time  in 
over  200  years.  A  beautiful  plate  book  of  graceful  calligraphy,  and  an  inexhaustible  source 
of  first  rate  material,  copyright  free,  for  artists,  art  directors,  craftsmen,  commercial  artists, 
etc.  More  than  300  ornamental  initials  forming  12  complete  alphabets,  over  150  ornate 
frames  and  panels,  over  200  flourishes,  over  75  calligraphic  pictures  including  a  temple, 
cherubs,  cocks,  dodos,  stags,  chamois,  foliated  lions,  greyhounds,  etc.  Thousand  of  calli- 
graphic elements  to  be  used  for  suggestions  of  quality,  sophistication,  antiquity,  and  sheer 
beauty.  Historical   introduction.   158  full-page  plates.  368pp.  9  x  13. 

T475  Clothbound  $10.00 

THE  HISTORY  AND  TECHNIQUES  OF  LETTERING,  A.  Nesbitt.  The  only  thorough  inexpensive 
history  of  letter  forms  from  the  point  of  view  of  the  artist.  Mr.  Nesbitt  covers  every  major 
development  in  lettering  from  the  ancient  Egyptians  to  the  present  and  illustrates  each 
development  with  a  complete  alphabet.  Such  masters  as  Baskerville,  Bell,  Bodoni,  Caslon, 
Koch,  Kilian,  Morris,  Garamont,  Jenson,  and  dozens  of  others  are  analyzed  in  terms  of  artistry 
and  historical  development.  The  author  also  presents  a  65  page  practical  course  in  lettering, 
besides  the  full  historical  text.  89  complete  alphabets;  165  additional  lettered  specimens, 
xvii    +    300pp.  53/8  X  8.  T427  Paperbound  $2.00 

FOOT-HIGH  LETTERS:  A  GUIDE  TO  LETTERING  (A  PRACTICAL  SYLLABUS  FOR  TEACHERS),  M.  Price. 

A  complete  alphabet  of  Classic  Roman  letters,  each  a  foot  high,  each  on  a  separate 
16  X  22  plate — perfect  for  use  in  lettering  classes.  In  addition  to  an  accompanying 
description,  each  plate  also  contains  9  two-inch-high  forms  of  letter  in  various  type  faces, 
such  as  "Caslon,"  "Empire,"  "Onyx,"  and  "Neuland,"  illustrating  the  many  possible  deriva- 
tions from  the  standard  classical  forms.  One  plate  contains  21  additional  forms  of  the  letter 
A.  The  fully  illustrated  16-page  syllabus  by  Mr.  Price,  formerly  of  the  Pratt  Institute  and  the 
Rhode  Island  School  of  Design,  contains  dozens  of  useful  suggestions  for  student  and  teacher 
alike.  An  indispensable  teaching  aid.  Extensively  revised.  16-page  syllabus  and  30  plates  in 
slip  cover,  16  x  22.  T239  Clothbound  $6.00 

THE  STYLES  OF  ORNAMENT,  Alexander  Speltz.  Largest  collection  of  ornaments  in  print— 
3765  illustrations  of  prehistoric,  Lombard,  Gothic,  Frank,  Romanesque,  Mohammedan, 
Renaissance,  Polish,  Swiss,  Rococo,  Sheraton,  Empire,  U.  S.  Colonial,  etc.,  ornament. 
Gargoyles,  dragons,  columns,  necklaces,  urns,  friezes,,  furniture,  buildings,  keyholes,  tapes- 
tries, fantastic  animals,  armor,  religious  objects,  much  more,  all  in  line.  Reproduce  any 
one  free.   Index.   Bibliography.  400  plates.  656pp.  55/8  x  83/8.  T557   Paperbound  $2.25 

THE  BOOK  OF  SIGNS,  Rudolf  Koch.  Formerly  $20  to  $25  on  the  out-of-print  market,  now  only 
$1.00  in  this  unabridged  new  edition!  493  symbols  from  ancient  manuscripts,  medieval  cathe- 
drals, coins,  catacombs,  pottery,  etc.  Crosses,  monograms  of  Roman  emperors,  astrological, 
chemical,  botanical,  runes,  housemarks,  and  7  other  categories.  Invaluable  for  handicraft 
workers,  illustrators,  scholars,  etc.,  this  material  may  be  reproduced  without  permission. 
493   illustrations  by  Fritz  Kredel.   104pp.   6V2   x  9V4.  T162  Paperbound  $1.00 

HANDBOOK  OF  DESIGNS  AND  DEVICES,  C.  P.  Hornung.  This  unique  book  is  indispensable  to 
the  designer,  commercial  artist,  and  hobbyist.  It  is  not  a  text-book  but  a  working  collection 
of  1836  basic  designs  and  variations,  carefully  reproduced,  which  may  be  used  without  per- 
mission. Variations  of  circle,  line,  band,  triangle,  square,  cross,  diamond,  swastika,  pentagon, 
octagon,  hexagon,  star,  scroll,  interlacement,  shields,  etc.  Supplementary  notes  on  the  back- 
ground and  symbolism  of  the  figures.  "A  necessity  to  every  designer  who  would  be  original 
without  having  to  labor  heavily,"  ARTIST  AND  ADVERTISER.   204  plates.  240pp.   53/8   x  8. 

T125  Paperbound  $1.90 
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A  HANDBOOK  OF  EARLY  ADVERTISING  ART,  C.  P.  Homung.  The  largest  collection  of  copyright- 
free  early  advertising  art  ever  compiled.  Vol.  I  contains  some  2,00D  illustrations  of  agri- 
cultural devices,  animals,  old  automobiles,  birds,  buildings,  Christmas  decorations  (with  7 
Santa  Clauses  by  Nast),  allegorical  figures,  fire  engines,  horses  and  vehicles,  Indians, 
portraits,  sailing  ships,  trains,  sports,  trade  cuts  —  and  30  other  categories!  Vol.  II,  devoted 
to  typography,  has  over  4000  specimens:  600  different  Roman,  Gothic,  Barnum,  Old  English 
faces;  630  ornamental  type  faces;  1115  initials,  hundreds  of  scrolls,  flourishes,  etc.  This  third 
edition  is  enlarged  by  78  additional  plates  containing  all  new  material.  "A  remarkable 
collection,"  PRINTERS'  INK.  "A  rich  contribution  to  the  history  of  American  design,"  GRAPHIS. 
Volume  I,  Pictorial.  Over  2000  illustrations,  xiv  +  242pp.  9  x  12.  T122  Clothbound  $10.00 
Volume  II,  Typographical.  Over  4000  specimens,  vii   +  312pp.  9  x  12.  T123  Clothbound  $10.00 

Two  volume  set,  T121  Clothbound,  only     $18.50 

THE  100  GREATEST  ADVERTISEMENTS,  WHO  WROTE  THEM  AND  WHAT  THEY  DID,  J.  L.  Watkins. 

100  (plus  13  added  for  this  edition)  of  most  successful  ads  ever  to  appear.  "Do  You  Make 
These  Mistakes  in  English,"  "They  laughed  when  I  sat  down,"  "A  Hog  Can  Cross  the 
Country,"  "The  Man  in  the  Hathaway  Shirt,"  over  100  more  ads  that  changed  habits  of  a 
nation,  gave  new  expressions  to  the  language,  built  reputations.  Also  salient  facts  behind 
ads,  often  in  words  of  their  creators.  "Useful  .  .  .  valuable  .  .  .  enlightening,"  Printers'  Ink. 
2nd  revised  edition.  Introduction.  Foreword  by  Raymond  Rubicam.  Index.  130  illustrations. 
252pp.   73/4   X   103/4.  T540   Paperbound   $2.25 

*  *  * 

THE  DIDEROT  PICTORIAL  ENCYCLOPEDIA  OF  TRADES  AND  INDUSTRY,  MANUFACTURING  AND 
THE  TECHNICAL  ARTS  IN  PLATES  SELECTED  FROM  "L'ENCYCLOPEDIE  OU  DICTIONNAIRE 
RAISONNE  DES  SCIENCES,  OES  ARTS,  ET  DES  METIERS"  OF  DENIS  DIDEROT,  edited  with 
text  by  C.  Gillispie.  The  first  modern  selection  of  plates  from  the  high  point  of  18th  century 
French  engraving,  Diderot's  famous  Encyclopedia.  Over  2000  illustrations  on  485  full  page 
plates,  most  of  them  original  size,  illustrating  the  trades  and  industries  of  one  of  the 
most  fascinating  periods  of  modern  history,  18th  century  France.  These  magnificent  engrav- 
ings provide  an  invaluable  source  of  fresh,  copyright-free  material  to  artists  and  illustrators, 
a  lively  and  accurate  social  document  to  students  of  cultures,  an  outstanding  find  to  the 
lover  of  fine  engravings.  The  plates  teem  with  life,  yvith  men,  women,  and'children  performing 
all  of  the  thousands  of  operations  necessary  to  the  trades  before  and  during  the  early  stages 
of  the  industrial  revolution.  Plates  are  in  sequence,  and  show  general  operations,  closeups  of 
difficult  operations,  and  details  of  complex  machinery.  Such  important  and  interesting  trades 
and  industries  are  illustrated  as  sowing,  harvesting,  beekeeping,  cheesemaking,  operating 
windmills,  milling  flour,  charcoal  burning,  tobacco  processing,  indigo,  fishing,  arts  of  war, 
salt  extraction,  mining,  smelting  iron,  casting  iron  steel,  extracting  mercury,  zinc,  sulphur, 
copper,  etc.,  slating,  tinning,  siiverplating,  gilding,  making  gunpowder,  cannons,  bells, 
shoeing  horses,  tanning,  papermaking,  printing,  dying,  and  more  than  40  other  categories. 
Besides  being  a  work  of  remarkable  beauty  and  skill,  this  is  also  one  of  the  largest  collections 
of  working  figures  in  print.  920pp.  9  x  12.  Heavy  library  cloth.        T421  Two  volume  set  $18.50 

*  *  * 

THE  HANDBOOK  OF  PLANT  AND  FLORAL  ORNAMENT,  R.  G.  Hatton.  One  of  the  truly  great  col- 
lections of  plant  drawings  for  reproduction:  1200  different  figures  of  flowering  or  fruiting 
plants — line  drawings  that  will  reproduce  excellently.  Selected  from  superb  woodcuts  and 
copperplate  engravings  appearing  mostly  in  16th  and  17th  century  herbals  including  the 
fabulously  rare  "Kreuter  BiJch  (Bock),  Cruijde  Boeck  (Dodoens),  etc.  Plants  classified  accord- 
ing to  botanical  groups.  Also  excellent  reading  for  anyone  interested  in  home  gardening  or 
any  phase  of  horticulture.  Formerly  "The  Craftsman's  Plant-Book:  or  Figures  of  Plants." 
Introductions.  Over  1200  illustrations.   Index.  548pp.  6V8  x  91/4.  T649  Paperbound  $2.98 

HANDBOOK  OF  ORNAMENT,  F.  S.  Meyer.  One  of  the  largest  collections  of  copyright-free  tradi- 
tional art  in  print.  It  contains  over  3300  line  cuts  from  Greek,  Roman,  Medieval,  Islamic, 
Renaissance,  Baroque,  18th  and  19th  century  sources.  180  plates  illustrate  elements  of  design 
with  networks,  Gothic  tracery,  geometric  elements,  flower  and  animal  motifs,  etc.,  while  100 
plates  illustrate  decorative  objects:  chairs,  thrones,  daises,  cabinets,  crowns,  weapons, 
utensils,  vases,  jewelry,  armor,  heraldry,  bottles,  altars,  and  scores  of  other  objects.  In- 
dispensable for  artists,  illustrators,  designers,  handicrafters,  etc.  Full  text.  3300  illustrations, 
xiv   +   548pp.  53/8  x  8.  T302  Paperbound  $2.25 

SHAKER  FURNITURE,  E.  D.  Andrews  and  F.  Andrews.  The  most  illuminating  study  on  what  many 
scholars  consider  the  best  examples  of  functional  furniture  ever  made.  Includes  the  history 
of  the  sect  and  the  development  of  Shaker  style.  The  48  magnificent  plates  show  tables, 
chairs,  cupboards,  chests,  boxes,  desks,  beds,  woodenware,  and  much  more,  and  are  ac- 
companied by  detailed  commentary.  For  all  antique  collectors  and  dealers,  designers  and 
decorators,  historians  and  folklorists.  "Distinguished  in  scholarship,  in  pictorial  illumination, 
and  in  all  the  essentials  of  fine  book  making,"  Antiques.  3  Appendixes.  Bibliography.  Index. 
192pp.  77/8  x  103/4.  T679  Paperbound  $2.00 
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STIEGEL  GLASS,  F.  W.  Hunter.  Acclaimed  and  treasured  by  librarians,  collectors,  dealers  and 
manufacturers,  this  volume  is  a  clear  and  entertaining  account  of  the  life,  early  experiments, 
and  final  achievements  in  early  American  glassware  of  "Baron"  Stiegel.  An  18th  century 
German  adventurer  and  industrialist,  Stiegel  founded  an  empire  and  produced  much  of  the 
most  highly  esteemed  early  American  glassv^^are.  His  career  and  varied  glassware  is  set  forth 
in  great  detail  by  Mr.  Hunter  and  a  new  introduction  by  Helen  McKearin  provides  details 
revealed  by  later  research.  "This  pioneer  work  is  reprinted  in  an  edition  even  more  beautiful 
than  the  original,"  ANTIQUES  DEALER.  "Well  worth  reading,"  MARYLAND  HISTORICAL  MAGA- 
ZINE. Introduction.  171  illustrations;   12  in  full  color,  xxii   +   338pp.  77/8  x  103/4. 

T128  Clothbound  $10.00 

PINE  FURNITURE  OF  EARLY  NEW  ENGLAND,  R.  H.  Kettell.  A  rich  understanding  of  one  of 
America's  most  original  folk  arts  that  collectors  of  antiques,  interior  decorators,  craftsmen, 
woodworkers,  and  everyone  interested  in  American  history  and  art  will  find  fascinating  and 
immensely  useful.  413  illustrations  of  more  than  300  chairs,  benches,  racks,  beds,  cupboards 
mirrors,  shelves,  tables,  and  other  furniture  will  show  all  the  simple  beauty  and  character 
of  early  New  England  furniture.  55  detailed  drawings  carefully  analyze  outstanding  pieces. 
"With  its  rich  store  of  illustrations,  this  book  emphasizes  the  individuality  and  varied  design 
of  early  American  pine  furniture.  It  should  be  welcomed,"  ANTIQUES.  413  illustrations  and 
55  working  drawings.  475.  8  x  103/4.  T145  Clothbound  $10.00 

VITRUVIUS:  TEN  BOOKS  ON  ARCHITECTURE.  Book  by  1st  century  Roman  architect,  engineer, 
is  oldest,  most  influential  work  on  architecture  in  existence;  for  hundreds  of  years  his 
specific  instructions  were  followed  all  over  the  world,  by  such  men  as  Bramante,  Michelangelo, 
Palladio,  etc.,  and  are  reflected  in  major  buildings.  He  describes  classic  principles  of 
symmetry,  harmony;  design  of  treasury,  prison,  etc.;  methods  of  durability;  much  more. 
He  wrote  in  a  fascinating  manner,  and  often  digressed  to  give  interesting  sidelights,  making 
this  volume  appealing  reading  even  to  the  non-professional.  Standard  English  translation,  by 
Prof.  M.  H.  Morgan,  Harvard  U.   Index.  6  illus.  334pp.  53/8  x  8.  T645  Paperbound  $2.00 

THE  BROWN  DECADES,  Lewis  Mumford.  In  this  now  classic  study  of  the  arts  in  America, 
Lewis  Mumford  resurrects  the  "buried  renaissance"  of  the  post-Civil  War  period.  He  demon- 
strates that  it  contained  the  seeds  of  a  new  integrity  and  power  and  documents  his  study 
with  detailed  accounts  of  the  founding  of  modern  architecture  in  the  work  of  Sullivan, 
Richardson,  Root,  Roebling;  landscape  development  of  Marsh,  Olmstead,  and  Eliot;  the  graphic 
arts  of  Homer,  Eakins,  and  Ryder.  2nd  revised  enlarged  edition.  Bibliography.  12  illustrations, 
index,  xiv   +  266pp.  53/8  x  8.  T200  Paperbound  $1.65 

STICKS  AND  STONES,  Lewis  Mumford.  A  survey  of  the  forces  that  have  conditioned  American 
architecture  and  altered  its  forms.  The  author  discusses  the  medieval  tradition  in  early 
New  England  villages;  the  Renaissance  influence  which  developed  with  the  rise  of  the  merchant 
class;  the  classical  influence  of  Jefferson's  time;  the  "Mechanicsvilles"  of  Poe's  generation; 
the  Brown  Decades;  the  philosophy  of  the  Imperial  facade;  and  finally  the  modern  machine 
age.  "A  truly  remarkable  book,"  SAT.  REV.  OF  LITERATURE.  2nd  revised  edition.  21  illustra- 
tions, xvii   +  228pp.  5%  X  8.  T202  Paperbound  $1.60 

THE  AUTOBIOGRAPHY  OF  AN  IDEA,  Louis  Sullivan.  The  pioneer  architect  whom  Frank  Lloyd 
Wright  called  "the  master"  reveals  an  acute  sensitivity  to  social  forces  and  values  in  this 
passionately  honest  account.  He  records  the  crystallization  of  his  opinions  and  theories,  the 
growth  of  his  organic  theory  of  architecture  that  still  influences  American  designers  and 
architects,  contemporary  ideas,  etc.  This  volume  contains  the  first  appearance  of  34  full-page 
plates  of  his  finest  architecture.  Unabridged  reissue  of  1924  edition.  New  introduction  by 
R.  M.  Line.  Index,  xiv  -f  335pp.  53/8  x  8.  T281  Paperbound  $1.85 

THE  DRAWINGS  OF  HEINRICH  KLEY.  The  first  uncut  republication  of  both  of  Kley's  devastating 
sketchbooks,  which  first  appeared  in  pre-World  War  I  Germany.  One  of  the  greatest  cartoonists 
and  social  satirists  of  modern  times,  his  exuberant  and  iconoclastic  fantasy  and  his  extra- 
ordinary technique  place  him  in  the  great  tradition  of  Bosch,  Breughel,  and  Goya,  while  his 
subject  matter  has  all  the  immediacy  and  tension  of  our  century.  200  drawings,  viii  +  I28pp. 
73/4  X  103/4.  T24  Paperbound  $1.85 


Miscellaneous 


THE  COMPLETE  KANO  JIU-JITSU  (JUDO),  H.  I.  Hancock  and  K.  Higashi.  Most  comprehensive 
guide  to  judo,  referred  to  as  outstanding  work  by  Encyclopaedia  Britannica.  Complete  authen- 
tic Japanese  system  of  160  holds  and  throws,  including  the  most  spectacular,  fully  illustrated 
with  487  photos.  Full  text  explains  leverage,  weight  centers,  pressure  points,  special  tricks, 
etc.;  shows  how  to  protect  yourself  from  almost  any  manner  of  attack  though  your  attacker 
may  have  the  initial  advantage  of  strength  and  surprise.  This  authentic  Kano  system  should 
not  be  confused  with  the  many  American  imitations,  xii  -f  500pp.  53/8  x  8. 

T639  Paperbound  $2.00 


CATALOG   OF   DOVER    BOOKS 

THE  MEMOIRS  OF  JACQUES  CASANOVA.  Splendid  self-revelation  by  history's  most  engaging 
scoundrel — utterly  dishonest  with  women  and  money,  yet  highly  intelligent  and  observant. 
Here  are  all  the  famous  duels,  scandals,  amours,  banishments,  thefts,  treacheries,  and 
imprisonments  all  over  Europe:  a  life  lived  to  the  fullest  and  recounted  with  gusto  in  one 
of  the  greatest  autobiographies  of  all  time.  What  is  more,  these  Memoirs  are  also  one  of 
the  most  trustworthy  and  valuable  documents  we  have  on  the  society  and  culture  of  the 
extravagant  18th  century.  Here  are  Voltaire,  Louis  XV,  Catherme  the  Great,  cardinals,  castrati, 
pimps,  and  pawnbrokers — an  entire  glittering  civilization  unfolding  before  you  with  an 
unparalleled  sense  of  actuality.  Translated  by  Arthur  Machen.  Edited  by  F.  A.  Blossom.  Intro- 
duction by  Arthur  Symons.  Illustrated  by  Rockwell  Kent.  Total  of  xlviii   +  2216pp.  SVa  x  8. 

T338  Vol   I      Paperbound  $2.00 

T339  Vol   II     Paperbound  $2.00 

T340  Vol   III    Paperbound  $2.00 

The  set  $6.00 

BARNUM'S  OWN  STORY,  P.  T.  Barnum.  The  astonishingly  frank  and  gratifyingly  well-written 
autobiography  of  the  master  showman  and  pioneer  publicity  man  reveals  the  truth  about  his 
early  career,  his  famous  hoaxes  (such  as  the  Fejee  Mermaid  and  the  Woolly  Horse),  his 
amazing  commercial  ventures,  his  fling  in  politics,  his  feuds  and  friendships,  his  failures 
and  surprising  comebacks.  A  vast  panorama  of  19th  century  America's  mores,  amusements, 
and  vitality.  66  new  illustrations  in  this  edition,  xii   +   500pp.  S^/a  x  8. 

T764  Paperbound  $1.65 

THE  STORY  OF  THE  TITANIC  AS  TOLD  BY  ITS  SURVIVORS,  ed.  by  Jack  Winocour.  Most  signifi- 
cant accounts  of  most  overpowering  naval  disaster  of  modern  times:  all  4  authors  were 
survivors.  Includes  2  full-length,  unabridged  books:  "The  Loss  of  the  S.S.  Titanic,"  by 
Laurence  Beesley,  "The  Truth  about  the  Titanic,"  by  Col.  Archibald  Gracie;  6  pertinent 
chapters  from  "Titanic  and  Other  Ships,"  autobiography  of  only  officer  to  survive,  Second 
Officer  Charles  Lightolier;  and  a  short,  dramatic  account  by  the  Titanic's  wireless  operator, 
Harold  Bride.  26  illus.  368pp.  53/8  x  8.  T610  Paperbound  $1.50 

THE  PHYSIOLOGY  OF  TASTE,  Jean  Anthelme  Brillat-Savarin.  Humorous,  satirical,  witty,  and 
personal  classic  on  joys  of  food  and  drink  by  18th  century  French  politician,  litterateur. 
Treats  the  science  of  gastronomy,  erotic  value  of  truffles,  Parisian  restaurants,  drinking 
contests;  gives  recipes  for  tunny  omelette,  pheasant,  Swiss  fondue,  etc.  Only  modern 
translation    of   original    French    edition.    Introduction.    41    illus.    346pp.    5%    x   83/8. 

T591  Paperbound  $1.50 

THE  ART  OF  THE  STORY-TELLER,  M.  L.  Shedlock.  This  classic  in  the  field  of  effective  story- 
telling is  regarded  by  librarians,  story-tellers,  and  educators  as  the  finest  and  most  lucid 
book  on  the  subject.  The  author  considers  the  nature  of  the  story,  the  difficulties  of  com- 
municating stories  to  children,  the  artifices  used  in  story-telling,  how  to  obtain  and  maintain 
the  effect  of  the  story,  and,  of  extreme  importance,  the  elements  to  seek  and  those  to  avoid 
in  selecting  material.  A  99  page  selection  of  Miss  Shedlock's  most  effective  stories  and  an 
extensive  bibliography  of  further  material  by  Eulalie  Steinmetz  enhance  the  book's  usefulness. 
xxi  -f  320pp.  53/8  x  8.  T635  Paperbound  $1.50 

CREATIVE  POWER:  THE  EDUCATION  OF  YOUTH  IN  THE  CREATIVE  ARTS,  Hughes  Mearns.  In  first 

printing  considered  revolutionary  in  its  dynamic,  progressive  approach  to  teaching  the 
creative  arts;  now  accepted  as  one  of  the  most  effective  and  valuable  approaches  yet  formu- 
lated. Based  on  the  belief  that  every  child  has  something  to  contribute,  it  provides  in  a 
stimulating  manner  invaluable  and  inspired  teaching  insights,  to  stimulate  children's  latent 
powers  of  creative  expression  in  drama,  poetry,  music,  writing,  etc.  Mearns's  methods  were 
developed  in  his  famous  experimental  classes  in  creative  education  at  the  Lincoln  School  of 
Teachers  College,  Columbia  Univ.  Named  one  of  the  20  foremost  books  on  education  in  recent 
times  by  National  Education  Association.  New  enlarged  revised  2nd  edition.  Introduction. 
272pp.  53/8  X  8.  T490  Paperbound  $1.50 

FREE  AND  INEXPENSIVE  EDUCATIONAL  AIDS,  T.  J.  Pepe,  Superintendent  of  Schools,  South- 
bury,  Connecticut.  An  up-to-date  listing  of  over  1500  booklets,  films,  charts,  etc.  5%  costs 
less  than  2b<i;  1%  costs  more;  94%  is  yours  for  the  asking.  Use  this  material  privately,  or 
in  schools  from  elementary  to  college,  for  discussion,  vocational  guidance,  projects.  59 
categories  include  health,  trucking,  textiles,  language,  weather,  the  blood,  office  practice, 
wild  life,  atomic  energy,  other  important  topics.  Each  item  described  according  to  contents, 
number  of  pages  or  running  time,  level.  All  material  is  educationally  sound,  and  without 
political   or  company  bias.    1st  publication.   Extensive   index,  .xii    +   289pp.   53/8   x  8. 

T663  Paperbound  $1.35 

THE  WORLD'S  GREAT  SPEECHES,  edited  by  Lewis  Copeland  and  Lawrence  Lamm.  255  speeches 
ranging  over  scores  of  topic  and  moods  (including  a  special  section  of  "Informal  Speeches" 
and  a  fine  collection  of  historically  important  speeches  of  the  U.S.A.  and  other  western 
hemisphere  countries),  present  the  greatest  speakers  of  all  time  from  Pericles  of  Athens  to 
Churchill,  Roosevelt,  and  Dylan  Thomas.  Invaluable  as  a  guide  to  speakers,  fascinating  as 
history  both  past  and  contemporary,  much  material  here  is  available  elsewhere  only  with 
great  difficulty.  3  indices:  Topic,  Author,  Nation,  xx  +  745pp.  53/8  x  8.  T376  Paperbound  $2.49 
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THE  ROMANCE  OF  WORDS,  E.  Weekley.  An  entertaining  collection  of  unusual  word-histories 
that  tracks  down  for  the  general  reader  the  origins  of  more  than  2000  common  words  and 
phrases  in  English  (including  British  and  American  slang):  discoveries  often  surprising,  often 
humorous,  that  help  trace  vast  chains  of  commerce  in  products  and  ideas.  There  are  Arabic 
trade  words,  cowboy  words,  origins  of  family  names,  phonetic  accidents,  curious  wanderings, 
folk-etymologies,  etc.  Index,  xiii   4-  210pp.  53/8  x  8.  T710  Paperbound  $1.25 

PHRASE  AND  WORD  ORIGINS:  A  STUDY  OF  FAMILIAR  EXPRESSIONS,  A.  H.  Holt.  One  of  the  most 
entertaining  books  on  the  unexpected  origins  and  colorful  histories  of  words  and  phrases, 
based  on  sound  scholarship,  but  written  primarily  for  the  layman.  Over  1200  phrases  and 
1000  separate  words  are  covered,  with  many  quotations,  and  the  results  of  the  most  modern 
linguistic  and  historical  researches.  "A  right  jolly  book  Mr.  Holt  has  made,"  N.  Y.  Times, 
v  +  254pp.' 53/8  x  8.  T758  Paperbound  $1.35 

AMATEUR  WINE  MAKING,  S.  M.  Tritton.  Now,  with  only  modest  equipment  and  sio  prior  knowl- 
edge, you  can  make  your  own  fine  table  wines.  A  practical  handbook,  this  covers  every  type 
of  grape  wine,  as  well  as  fruit,  flower,  herb,  vegetable,  and  cereal  wines,  and  many  kinds  of 
mead,  cider,  and  beer.  Every  question  you  might  have  is  answered,  and  there  is  a  valuable 
discussion  of  what  can  go  wrong  at  various  stages  along  the  way.  Special  supplement  of 
yeasts  and  American  sources  of  supply.  13  tables.  32  illustrations.  Glossary.  Index.  239pp. 
51/2  x  8V2.  T514  Clothbound  $4.00 

SAILING  ALONE  AROUND  THE  WORLD.  Captain  Joshua  Slocum.  A  great  modern  classic  in  a 
convenient  inexpensive  edition.  Captain  Slocum's  account  of  his  single-handed  voyage  around 
the  world  in  a  34  foot  boat  which  he  rebuilt  himself.  A  nearly  unparalleled  feat  of  seamanship 
told  with  vigor,  wit,  imagination,  and  great  descriptive  power.  "A  nautical  equivalent  of 
Thoreau's  account,"  Van  Wyck   Brooks.  67  illustrations.  308pp.  53/$  x  8. 

T326  Paperbound  $1.00 

TREASURY  OF  THE  WORLD'S  COINS,  Fred  Reinfeld.  The  finest  general  introduction  to  numis- 
matics, non-technical,  thorough,  always  fascinating.  Coins  of  Greece,  Rome,  modern  countries 
of  every  continent,  primitive  societies,  such  oddities  as  the  50  lb.  stone  money  of  Yap,  the 
nail  coinage  of  New  England;  all  mirror  man's  economy,  customs,  religion,  politics,  philosophy, 
and  art.  An  entertaining,  absorbing  study,  and  a  novel  view  of  history.  Over  750  illustrations. 
Table  of  value  of  coins  illustrated.  List  of  U.S.  coin  clubs.  Bibliographic  material.  Index. 
224pp.  6V2  X  91/4  T457  Paperbound  $1.75 

HOAXES,  C.  D.  MacDougall.  Shows  how  art,  science,  history,  journalism  can  be  perverted  for 
private  purposes.  Hours  of  delightful  entertainment  and  a  work  of  scholarly  value,  this 
often  shocking  book  tells  of  the  deliberate  creation  of  nonsense  news,  the  Cardiff  giant, 
Shakespeare  forgeries,  the  Loch  Ness  monster.  Biblical  frauds,  political  schemes,  literary 
hoaxers  like  Chatterton,  Ossian,  the  disumbrationist  school  of  painting,  the  lady  in  black 
at  Valentino's  tomb,  and  over  250  others.  It  will  probably  reveal  the  truth  about  a  few  things 
you've  believed,  and  help  you  spot  more  readily  the  editorial  "gander"  and  planted  publicity 
release.  "A  stupendous  collection  .  .  .  and  shrewd  analysis."  New  Yorker.  New  revised 
edition.  54  photographs.   Index.  320pp.  53/8  x  8.  T465  Paperbound  $1.75 

A   HISTORY   OF   THE   WARFARE    OF    SCIENCE   WITH   THEOLOGY    IN    CHRISTENDOM,    A.    D.    White. 

Most  thorough  account  ever  written  of  the  great  religious-scientific  battles  shows  gradual 
victory  of  science  over  ignorant,  harmful  beliefs.  Attacks  on  theory  of  evolution;  attacks  on 
Galileo;  great  medieval  plagues  caused  by  belief  in  devil-origin  of  disease;  attacks  on 
Franklin's  experiments  with  electricity;  the  witches  of  Salem;  scores  more  that  will  amaze 
you.  Author,  co-founder  and  first  president  of  Cornell  U.,  writes  with  vast  scholarly 
background,  but  in  clear,  readable  prose.  Acclaimed  as  classic  effort  in  America  to  do  away 
with  superstition.  Index.  Total  of  928pp.  53/8  x  8.  T608  Vol    I  Paperbound  $1.85 

T609  Vol  II  Paperbound  $1.85 


Dover  publishes  books  on  art,  music,  philosophy,  literature,  languages,  history,  social 
sciences,  psychology,  handcrafts,  orientalia,  puzzles  and  entertainments,  chess,  pets 
and  gardens,  books  explaining  science,  intermediate  and  higher  mathematics  math- 
ematical physics,  engineering,  biological  sciences,  earth  sciences,  classics  of  science,  etc. 
Write  to: 

Dept.  catrr. 

Dover  Publications,  Inc. 

180  Varick  Street,  N.  Y.  14,  N.  Y. 
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riie  ()iii!,in  of  Life,  A.  I.  Opnrin     SI. 7 5 
A  Wax  of  life  and  Ol/itr  Selected  ]l'riti)ii:^s  of  Sir  William  Osier     SI. 50 

How  to  Kfiojt'  the  Ferns,  Frances  Parsotis     SJ .23 

Conditioned  Reflexes:  An  hn>estigatiun  of  tfie  Ph\siolo<^ical  Actix'ities 

of  the  Cerebral  Cortex.  I.  P.  Pavlov     S2.2=> 

Mathematical  liiophxsics:  Phxsico-Matltetnatical  Foundations  of  Biology, 

A'.  Rashevsky     2  vol.  set     S5.00 
Illusio)is  and  Delusions  of  the  Supernatural  a)id  the  Occult ,  D.  H.  Raicclifje 

$2.00 

The  Beha-i'iour  and  Social  Life  of  Honeybees,  Ronald  Ribbands 

Clothbound     S-f.50 

From  Magic  to  Science,  Charles  Singer     S2.00 

A  Short  History  of  Anatomy  and  Physiolog;)-  from  the  Creeks  to  Harvey, 

Charles  Singer     $1.75 

The  Biology  of  the  Laboratory  Mouse,  edited  by  O.  D.  Snell 

Clotfi  bound     $6.00 

The  Life  of  Pasteur,  Vallen-Radot     $2.00 

A  History  of  the  ]\'arfare  of  Science  with  Theolog^y ,  Andrew  White 

2  vol.  set     $3.70 

Cardiac  Classics,  Frederick  A.  Willius  and  Thoatns  E.  Keys    2  vol.  set   $-f.50 

Heredity  and  Your  Life,  A.  M.Winchester     $L45 
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The  Life  Story  of  the  Fish 

HIS  MANNERS  AND  MORALS 

by  Brian  Curtis 

Formerly  Supervising  Fisheries  Biologist,  California  State  Division  of  Fish  and  Game 

Much  more  is  known  about  the  behavior  and  capabilities  of  the  fish  than  most  of  us 
realize.  In  fact,  a  majority  of  the  idle  questions  we  have  all  asked  of  ourselves  at 
one  time  or  another  (Do  fish  sleep?  Can  they  distinguish  color?  Can  they  hear?)  have 
been  answered  by  modern  scientists.  Yet  the  answers  to  these  and  hundreds  of 
other  questions  were  buried  in  technical  journals  and  consequently  unavailable  to 
most  of  us  until  Brian  Curtis  wrote  this  remarkable  book,  a  comprehensive  survey  of 
practically  everything  worth  knowing  about  fish. 

First  published  in  1938,  it  brought  unanimous  acclaim  from  the  nation's  critics  for 
its  clarity,  its  accuracy,  and  its  sheer  readability.  Curtis  covers  a  tremendous  variety 
of  subjects,  and  most  of  them  will  interest  the  normally  inquisitive  layman  as  well 
as  the  angler,  the  aquarium  owner,  and  students  of  biology  and  ichthyology. 

Beginning  with  a  chapter  on  the  evolution  of  the  fish,  Curtis  covers  in  turn  their 
body  covering,  framework,  the  senses  and  the  nervous  system,  the  air-bladder, 
internal  workings,  and  reproduction  and  growth.  There  are  sections  on  trout,  salmon, 
and  other  game  fish  as  well  as  a  discussion  of  conservation  and  the  state  of 
modern  fishing  industries,  and  the  book  concludes  with  a  fascinating  chapter  on 
various  curious  kinds  of  fish  and  their  remarkable  adaptations  to  environment  (the 
flounder,  for  instance,  whose  eye  sometimes  passes  through  his  head  to  join  the 
other  eye,  or  the  remora,  whose  sucker  is  so  strong  that  natives  sometimes  attach 
a  line  to  it,  drop  it  near  a  turtle,  and  use  it  to  tow  the  turtle  to  shore.) 

"Lively,  vivid,  and  humorous,"  NEW  YORK  TIMES.  "Clear,  simple  language  .  .  .  excel- 
lent judgment  in  choice  of  subjects  .  .  .  delightful  sense  of  humor  .  .  .  many  will 
read  it  at  a  sitting,"  SATURDAY  REVIEW.  "An  especially  fine  example  of  scientific 
information  couched  in  non-technical  language.  .  .  .  Entertaining,  humorous,"  SCIEN- 
TIFIC BOOK  CLUB  REVIEW.  "An  admirable  example  of  popular  scientific  exposition." 
TIMES  (LONDON)  LITERARY  SUPPLEMENT.  "Sets  a  high  standard,"  YALE  REVIEW. 

Unabridged  republication  of  second,  revised  edition  (1949).  Index.  72-item  bibliog- 
raphy. 6  full-page  photographic  plates,  xii   +  284pp.  5%  x  8. 

T929  Paperbound  $1.50 


THIS   DOVER   EDITION   IS   DESIGNED   FOR  YEARS  OF  USE 

THE    PAPER    is    chemically    the    same    quality    as   you    would    find    in    books    priced 

$5.00    or    more.    It    does    not    discolor    or    become    brittle    with    age.    Not    artificially 

bulked,    either;    this    edition    is    an    unabridged    full-length    book,    but    is    still    easy 

to  handle. 

THE   BINDING:   The   pages   in   this   book    are    SEWN    in   signatures,   in   the    method 

traditionally   used   for  the   best  books.   These   books   open   flat  for  easy   reading   and 

reference.   Pages   do   not   drop  out,   the   binding   does   not  crack  and   split   (as   is   the 

case   with   many   paperbacks   held   together  with   glue). 
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